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INTRODUCTORY  NOTE. 

In  1897  the  legislature  of  Wisconain  passed  an  act  for  the  ap- 
pointment of  a  State  Forestry  Oommiasiony  charged,  among  other 
duties,  with  that  of  formulating  dedirable  forestry  legislation  for 
the  State.  The  Commission  consists  of  Hon.  G.  B.  Burrows, 
Madison;  Ernst  Bruncken,  Milwaukee;  and  H.  D.  Putnam,  Eau 
Claire.  This  Commission  consulted  with  Dr.  B.  E.  Femow. 
Chief  of  the  Division  of  Forestry,  United  States  Department  of 
Agriculture,  who  advised  that  a  caTeful  reconnaissance  be  made 
of  the  present  condition  of  the  forests  of  the  State.  The  Depart- 
ment of  Agriculture  offered  to  send  an  expert  to  make  such  ex- 
amination, provided  the  expenses  of  the  trip  could  be  defrayed 
by  the  State.  Sin<5e  the  Forestry  Commission  had  no  appropria- 
tion for  this  purpose,  application  was  made  to  the  Geological  and 
Natural  History  Survey  for  an  appropriation  of  money  sufficient 
to  defray  the  expenses  of  the  proposed  investigation,  and  the  Sur- 
vey gladly  acceded  to  the  request  Pursuant  to  this  action  the 
Department  of  Agriculture  appointed  Mr.  Filibert  Roth  as  spe- 
cial agent  to  make  the  reconnaissance  desired,  under  the  general 
direction  of  Dr.  Femow,  Chief  of  Division  of  Forestry.  Mr. 
Roth  spent  three  months  in  the  field  and  prepared  the  accom- 
panying report.  The  report  was  first  submitted  to  the  Depart- 
ment of  Agriculture  at  Washington,  by  which  it  has  been  pub- 
lished as  a  bulletin,  and  a  copy  was  transmitted  to  the  Director 
of  the  Geological  Survey,  with  the  accompanying  letter  from 
the  Secretary  of  Agriculture. 

United  States  Department  of  Agriculture, 

Office  of  the  Secretary, 
Washington,  D.  C,  February  28,  1898. 
Db.  E.  a.  BmoE, 

Director,  State  Geological  Survey, 
Madison,  Wis. 
Dear  Sir: — ^I  take  pleasure  in  transmitting  to  you  for  such  use 
as  you  may  desire  to  make  of  it,  a  report  on  the  forest  conditions 
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iv  INTEOD  UCTOR  Y  NOTE. 

of  Wisconsin  made  by  the  Division  of  Forestry,  the  result  of  a 
canvass  in  which  your  Survey  co-operated  financially  and  other 
wise. 

I  take  occasion  at  the  same  time  to  express  the  hope  that  the 
showing  herein  made  regarding  the  conditions  of  one  of  the  most 
important  resources  of  your  state,  will  in  this  very  jubilee  year 
of  semi-centennial  existence  of  the  state,  lead  to  a  serious  consid- 
eration and  inauguration  of  a  more  conservative  policy  touching 
your  forest  resources. 

The  interests  of  agriculture,  as  well  as  of  many  other  industries 
in  your  state,  demand  timely  attention  to  this  problem. 

Respectfully, 

Jakes  Wilson, 

Secretary. 

In  giving  this  report  to  the  public  the  Geological  and  Natural 
History  Survey  echoes  the  hope  of  the  Secretary  of  Agriculture 
that  the  material  here  presented  will  aid  in  the  formulation  of 
rational  forestry  legislation,  and  so  will  help  to  develop  and  re- 
store the  great  forest  resources  of  the  State  of  Wisconsin, 
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FOREST  CONDITIONS  OF  NORTHERN 
WISCONSIN. 


The  preliminary  forest  survey  of  Wisconsin^  the  principal 
results  of  which  are  here  presented,  was  necessarily  made  in 
the  form  of  a  census  or  canvass,  collecting  the  knowledge  of 
the  woods,  and  the  experience  in  actual  logging  operations  of 
several  hundred  men,  and  securing  a  better  interpretation  of  this 
information  as  well  as  a  proper  insight  into  the  f orestal  condi- 
tions, not  usually  observed  by  woodsmen,  by  personal  inspection 
of  typical  localities  in  every  county. 

From  this  it  follows  that  all  estimates  of  areas  and  yields 
represent  the  knowledge  of  the  best  informed  men,  and  a  fair 
degree  of  correctness  may  be  claimed  for  the  same  for  the  reason 
that  each  district^  at  least  eveiy  county,  is  represented  by  a  num- 
ber of  competent  men,  the  writer  being  enabled  by  personal 
inspection  to  weigh,  verify,  or  harmonize  conflicting  statements. 
The  greatest  help  came  from  the  practical  woodsmen,  who,  in 
all  parts  of  the  territory,  kindly  assisted  both  by  verbal  infor- 
mation and  by  the  use  of  their  exhaustive  "minutea,*'  many  of 
which  fill  volumes,  and  represent  an  amount  of  detail  infor- 
mation such  as  exists  for  but  few  parts  of  our  country. 

In  this  connection  it  gives  the  writer  pleasure  to  express  his 
sincerest  thanks  to  all  these  gentlemen,  whose  help  alone  could 
insiu*e  reasonable  success  to  so  hasty  reconnaissance.  The 
journey  through  the  State  occupied  over  three  months,  involved 
one  or  more  trips  over  nearly  every  mile  of  railway  passing 
through  this  section,  besides  several  hundred  miles  of  travel  by 
wagon.  The  county-seat  of  every  county  was  visited  and  no 
county  received  less  than  two  days'  attention. 
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2  FORESTS  OF  WISCONSIN. 

During  the  firert  part  of  the  journey  the  -writer  was  accom- 
panied and  greatly  assisted  by  Prof.  L.  S.  Cheney,  of  the  State 
University. 

Hearty  thanks  are  due  to  J.  T.  Cleveland,  Land  Commis- 
sioner of  the  Chicago  and  Northwestern  Railway,  "W.  H.  Killen, 
Industrial  Commissioner  of  the  Wisconsin  Central  Lines,  and 
especially  to  L.  Jackson,  LiduBtrial  Commissioner  of  the  Chi- 
cago, Milwaukee  and  St.  Paul  Eailway,  whose  courteous  assist- 
ance did  so  much  to  facilitate  this  work. 

Physiography  of  the  Arba. 

The  territory  covered  is  that  part  of  the  State  lying  north  of 
a  line  from  Green  Bay  to  the  mouth  of  the  St  Croix  river, 
with  the  counties  of  Portage,  "Wood,  and  Jackson  as  southern 
projections;  it  involves  27  counties  with  a  total  land  area  of 
about  18.6  million  acres  or  about  63  per  cent  of  the  entire 
State,  and  contains  almost  all  of  the  present  supplies  of  lumber 
sized  timber  of  both  pine  and  hardwoods  remaining  in  "Wis- 
consin. 

Topography. — Over  90  per  cent  of  this  territory  is  a  broad 
slope,  which  rises  gently  from  the  southeast,  south,  and  south- 
west to  a  flat  divide  running  near  to  and  parallel  with  the  south 
shore  of  Lake  Superior;  about  9  per  cent  is  occupied  by  the 
more  abrupt  slope  from  this  divide  to  the  lake. 

In  going  from  east  to  west^  the  divides  between  the  several 
large  rivers  which  drain  the  larger  slope,  are  very  gradual,  al- 
most imperceptible,  and  in  some  cases  are  entirely  lost  in  laby- 
rinths of  lakes  and  swamps.  Hills  over  300  feet  high  from 
their  base  are  scarce;  a  few  ^^mounds,"  or  isolated  steep  hills 
with  extremely  narrow  bases,  rise  out  of  the  sandy  plains  of 
Jackson  and  Clark  counties  and  a  few  larger,  more  massive 
hills  occur  in  the  valleys  of  the  Wisconsin,  Chippewa,  and  St 
Croix  rivers  and  a  range  of  low,  broad  hills  form  the  crests 
of  the  Iron  and  Copper  ranges.  On  the  whole,  however,  the 
hills  and  hilly  tracts  do  not  occupy  over  5  per  cent  of  the  total 
area,  while  about  46  per  cent  is  level  upland,  and  about  60  per 
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SOILS.  3 

cent,  is  rolling  country,  of  which  a  considerable  portion  is 
steeply  rolling,  'Tcettle,"  or  "pot  hole"  land. 

Soils. — The  greater  part  of  this  ^rea  is  covered  by  deep  gray- 
ish clay  and  loam  soils,  bearing  everywhere  a  forest  of  mixed 
hardwoods,  or  of  hardwoods  and  conifers.  A  narrow  belt  of 
fertile  "red  clay''  lands  skirts  Lake  Superior  and  is  stocked 
with  a  nnique  mixture  of  conifers  and  hardwoods,  remarkable 
in  the  species  which  are  associated  and  resembling  more  the  reg- 
ular pinery  of  the  sandy  lands  than  the  mixed  woods  of  the 
loamy  soils.  A  very  variable  mixtnre  of  loam  and  sandy  loam 
overlies  the  land  about  Green  Bay,  also  parts  of  Chippewa, 
Dunn,  Barron,  and  Polk  counties.  About  Green  Bay  this  land 
bore  a  very  heavy  forest  of  pine  with  a  fair  mixture  of  hard- 
woods; in.  the  western  counties  part  of  it  was  openings  and  part 
bore  heavy  pine  forests.  Throughout  this  area  the  presence  of 
s.md  is  indicated  by  the  characteristic  white  birch.  Sandy 
lands,  continuous  with  the  sands  of  Waushara,  Adams,  and 
Juneau  counties,  form  the  southern  edge  of  this  district  through 
Portage,  Wood,  Jackson,  Clark,  Chippewa,  and  Dunn  counties. 
These  sandy  lands  are  either  oak  and  jack  pine  openings,  i.  e., 
brush  prairies  scatteringly  covered  by  low  brushy  oaks  and 
dense  groves  of  small  jack  pine,  or  else  the  were  regular  pinery 
covered  by  a  dense  stand  of  valuable  pine,  without  hardwoods. 

Within  the  laige  loam  land  area  there  occur  three  islands  of 
sandy  soil  rather  well  defined,  and  in  most  places  sharply 
marked.  One  of  these,  the  "St  Croix  Barrens,"  extends  in  a 
belt  10-20  miles  wide  from  the  northwest  comer  of  Polk  county 
to  the  peninsula  of  Bayfield;  the  other  a  Y  shaped  tract  with 
its  southern  apex  near  the  junction  of  the  Tomahawk  and  Wis- 
consin rivers  and  occupying  the  greater  part  of  Oneida  and 
Yilas  counties,  and  the  third  a  broad  belt  like  the  first,  extend- 
ing from  the  Menominee  river  to  about  Lake  Shawano  and  oc- 
cupying the  central  part  of  Marinette  and  a  broad  strip  through 
Oconto  and  part  of  Shawano  counties. 

In  the  aggregate  the  four  several  sandy  districts  occupy  over, 
one-fourth  of  the  entire  area  under  consideration;  they  are  gen- 
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4  FORESTS  OF  WISCONSIN. 

erally  pine  lands  proper,  being  covered  with  dense  and  almost 
pure  forests  of  pine,  both  white  and  red  (Norway)  and  only  in 
small  part  stocked  with  jack  pine.  The  grayish  to  reddish-gray 
soil  and  subsoil  of  these  sandy  areas  are  not  generally  differen- 
tiated. They  are  usually  of  great  depth,  of  medium  to  fine 
grain  and  over  more  than  two-thirds  of  the  area  contain  suffi- 
cient clayey  matter  to  deserve  the  name  of  loamy  sand.  These 
soils  support  a  luxurious  growth  of  pine,  but  are  unsuited  to 
hemlock  and  hardwoods,  which*  latter  are  represented  only  by 
the  white  birch,  poplar,  aspen,  and  some  stunted  maple.  The 
most  characteristic  plants  of  the  cut-over  lands  of  these  sandy 
areas  are  the  jack  pine,  scarlet  oak,  and  sweet  fern,  while  the 
white  birch  is  common  to  all  loamy  sands  but  does  not  thrive 
on  the  poorest  soils. 

The  districts  of  sandy  loam  before  mentioned  occupy  about 
15  per  cent  of  the  total  area.  They  border,  for  the  most  part, 
on  the  sandy  lands  fringing  this  territory  on  the  south,  and  are 
mere  modifications  of  the  same.  The  soil  in  these  districts 
though  generally  quite  fertile  is  extremely  variable,  quite 
heavy  in  places,  often  very  sandy,  and  is  covered  in  numerous 
small  and  large  patches  by  layers  of  black  muck  which  greatiy 
increase  their  fertility.  The  soil  and  subsoil  of  the  large  body  of 
gray  loam  and  gray  clay  lands  are  usually  more  or  less  weU  de- 
fined and  generally  there  is  found  a  small  amount  of  humus 
cover.  In  most  localities  the  subsoil,  especially  of  all  knoUs, 
etc.,  is  mixed  with  gravel,  which  occurs  either  in  layers  of  ir^ 
regular  thickness  and  distribution  or  else  is  mixed  promiscu- 
ously through  the  ground.  Generally,  too,  stones  or  boulders 
of  large  size  (4  inches  to  50  inches)  occur  both  on  top  and  in 
the  ground;  which  though  quite  abundant  in  places  do  not  on 
the  whole,  interfere  with  agriculture,  but  are  even  regarded  as 
an  indication  of  good  land.  The  mixture  of  gravel  and  loam 
or  day  is  extremely  variable  and  in  places  sufficient  sand  and 
fine  gravel  appears  on  the  surface  to  make  a  soil  classification 
quite  difficult 

These  general  outlines  will  require  much  modification  in  a 
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detailed  descriptioii.  Stripe  of  sandy  land  follow  up  the  riverSy 
especially  the  Wisconsin  and  its  tributaries^  small  islands  of 
loamy  soils  occur  in  all  three  of  the  large  sand  districts,  while 
patches  of  heavy  clays  and  lighter  grayelly  soils  occnr  in  all 
portions  covered  by  gray  loams.  The  swamps  include  all  pooriy 
drained  tracts,  either  stocked  with  tamarack,  cedar,  spruce, 
or  bare  grass  marshes  and  moss  bogs.  They  occupy  nearly  12 
per  cent,  of  the  area.  They  have  for  the  most  part  a  day  bot- 
tom, and  furnish  a  good  soil,  especially  suited  to  hay  crops.* 

Grouping  the  land  from  the  farmers'  standpoint,  it  would  ap- 
pear that  about  20  per  cent,  of  the  area  is  good  farm  land,  about 
40  per  cent,  medium,  while  nearly  40  per  cent  is  either  not  at 
all  suited  to  farming  or  only  doubtfully  so  and  should  by  all 
means  be  left  to  forest.  In  such  classification  great  divergence 
of  opinion  naturally  prevails.  Most  estimates  increase  the  ]Hro- 
portion  of  good  farm  land  at  the  expense  of  the  medium  land, 
but  we  have  preferred  to  adhere  to  the  above  conservative  class- 
ification. 

Climate  and  Drainage. — The  climate  is  cold,  the  winters 
are  long,  springs  almost  wanting,  summers  short  but  warm  and 
the  fall  long,  cool,  and  delightful.  ,To  illustrate  the  climate  it 
may  be  said  that  the  black  walnut  and  hickories  are  wanting^ 
the  timber  oaks,  both  white  and  red  oaks,  are  replaced  by  birch 
in  all  but  the  southern  and  southwestern  part  of  this  territory. 
Com  is  raised  with  difficulty  except  in  the  south  and  the  drier 
western  part,  while  fruit  trees,  even  apples,  do  not  prosper  in 
the  greater  part  of  North  Wisconsin.  The  precipitation 
over  the  State  ifi^  about  32  inches  per  year  of  which  60  per  cent, 
falls  in  summer  and  autumn.  The  territory  under  considerar 
tion  is  well  supplied  with  streams  and  has  a  far  better  drainage 
than  is  generally  supposed. 

*For  a  fairly  accurate  account  and  map  of  the  Boils  of  thie  Btate  see 
the  account  by  Prof.  F.  H.  King  in  the  Settler's  Handbook  of  North- 
cm  Wisconsan,  by  W.  A.  Henry,  Dean  of  the  College  of  Agriculture, 
UniTersity  of  Wisconsin,  Madison,  1895. 
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In  this  drainage  the  seyeral  riyeiiB  share  as  follows: 

Per  c^t. 

Chippewa  river  (with  Bed  Cedar  at  6.2%)   28 .4 

Wisconsin  river  21.0 

St.  Croix  river  13.7 

'       Wolf  river   7.4 

Black  river   6.8 

Menominee  river  (Wisconsin  side) 5.7 

Oconto  river  3.4 

Peshtigo  river  3.2 

Small  rivers  to  Lake  Superior 9.3 

Small  rivers  direct  to  Green  Bay 0.9 

Besides  furnishing  ample  drainage,  the  basins  of  the  Chip- 
pewa, Wisconsin,  St.  Croix,  and  Black  rivers,  which  drain  70 
per  cent  of  the  entire  area,  are  covered  with  the  most  perfect 
network  imaginable  of  smaU  streams  especially  suited  for  pur- 
poses of  driving  timber.  The  rivers  emptying  into  Green  Bay 
also  "drive"  quite  well,  but  have  required  more  improvements, 
while  those  running  into  Lake  Superior  are  in  great  part  unfit 
for  driving. 

Ownership. — Of  the  18.5  million  acres  of  land  contained  in 
this  north  half  of  "Wisconsin  a  little  less  than  7  per  cent,  is  im- 
proved; 24  per  cent,  is  held  by  actual  settlers,  the  greater  part 
of  which  falls  to  the  counties  along  the  southern  and  south- 
western edge  of  this  district;  the  United  States  hold  about  5 
per  cent.  (2  per  cent,  being  Indian  Reservations),  the  State 
holds  less  than  2  per  cent.,  the  railways  little  over  5  per  cent., 
the  counties  about  1.5  per  cent,  in  tax  deeds,  and  about  five 
times  this  amoimt  conditionally  on  tax  certificates.  Of  the  63 
per  cent,  owned  by  private  non-residents,  fully  80  per  cent  is 
held  by  lumbermen.  This  amounts  to  50  per  cent,  of  the  total 
area  under  consideration  or  25  per  cent,  of  the  land  of  the  en- 
tire State. 
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10  FORESTS  OF  WISCONSIN. 

FOREST  CONDITIONS  OF  THE  PAST. 

An  uninterrupted  f oreet,  extending  from  Michigan  through 
Wisconsin  into  Minnesota,  originally  covered  almost  the  entire 
surface  of  these  27  counties.  Along  the  southern  and  south- 
western border,  this  forest  faded  into  oak  and  jack  pine  ^'open- 
ings" and  in  places  gave  way  to  regular  prairies.  It  was  gen- 
erally a  mixed  forest  of  white  pine  and  hardwoods  on  all  loam 
and  clay  lands;  it  approached  to  the  regular  pineiy  on  the  tracts 
of  sandy  loam  and  the  red  clays  of  Lake  Superior,  and  on  all 
sandy  and  loamy  sand  districts,  it  was  invariably  pinery  proper, 
generally  a  mixture  of  white  and  red  (Norway)  pines.  This 
great  forest  changed  in  character  along  a  line  extending  approx- 
imately through  Range  7  W.  from  Lake  Superior  to  Town  31 
N.,  from  here  to  the  southwest  comer  of  Marathon  county 
and  thence  east  to  Green  Bay.*  To  the  east  and  north  of  this 
line  the  hemlock  joined  the  hardwoods  and  pine  on  all  gravelly 
-clay  and  loam  lands;  the  birch  (not  white  birch)  disputed  prec- 
edence among  hardwoods,  so  that  we  may  designate  the  forest 
as  birch  forest  with  admixtures;  the  red  oaks  were  thinly  scat- 
tered and  the  white  oaks  practically  wanting.  To  the  south 
and  west  of  this  line,  the  hemlock  generally  did  not  grow  at 
all,  the  birch  became  scattering,  white  oaks  were  abundant,  and 
the  oaks  gave  character  to  the^  hardwood  mixture,  making  the 
bodies  of  pure  hardwoods  distinctly  oak  forests.  These  bodies 
of  hardwood  were  much  more  common  on  this  side  of  the  line. 

Along  the  edge  of  the  forest  to  the  south  and  west  the  dense 
cover  of  a  variety  of  tall  hardwoods  and  conifers  gave  way 
rather  suddenly  to  monotonous  brushwoods,  composed  of  scat- 
tered, bushy  oaks,  either  alone  or  mixed  with  jack  pine.  (Port- 
age, Dunn,  St.  Croix,  Polk  counties.)  • 

In  almost  all  parts  of  the  mixed  forest  of  the  loam  lands,  the 
hardwoods  formed  the  body  of  the  forest  and  the  conifers  the 

*  The  lines  of  distribution  as  here  laid  down  refer  only  to  the  occurrence 
of  trees  as  timber  of  economic  importance,  and  not  to  their  botanical  dis- 
tribution. 
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admixture.  The  hardwoodfl  were  represented  by  trees  of  all 
sizes,  from  the  seedling  or  sprout  to  the  mature  timber  tree. 
They  formed  nearly  all  of  the  undergrowth  and  this  hardwood 
forest  showed  every  indication  of  thrift  and  permanence. 
The  white  pine  (Fed  or  Norway  pine  did  not  grow  on  these  loam 
lands)  and  hemlock  were  represented  almost  entirely  by  mature, 
old  timber,  standing  isolated  among  the  hardwoods,  or  at  most 
.growing  in  groups  or  small  bodies.  Saplings,  bushy  young  trees, 
and  seedlings,  were  comparatively  scarce.  Active  reproduction 
was  evidently  not  going  on,  and  there  is  every  reason  to  believe 
that  both  pine  and  hemlock  were  losers  in  a  long-fought  strug- 
.gle  for  possession  of  the  groimd,  in  which  a  change  in  the  gen- 
eral conditions  of  moisture  probably  had  something  to  do  with 
their  defeat.  As  regards  white  pine  this  was  most  conspicuous 
in  the  southern  counties  and  on  the  heaviest  soils  (Marathon, 
Langlade,  and  Dunn  counties),  where  in  many  places  the  hard- 
woods had  succeeded  in  crowding  out  the  pine  entirely,  but 
wherever  sand  or  gravel  discouraged  the  hardwoods  (Wood, 
Barron,  Price  and  Sawyer  counties),  the  pine  held  more  nearly 
its  own,  and  formed  a  fair  proportion  of  the  sapling  timber. 

The  thinly  scattered  balsam  and  the  less  frequent  spruce  ap- 
pear to  be  in  the  same  position  as  the  pine  and  hemlock,  but 
they  were  much  less  important  trees  and  naturally  their  sparse- 
ness  was  less  conspicuous. 

In  the  regular  pinery  of  the  sandy  soils  the  pines  predomi- 
nated, the  hemlock  was  entirely  wanting  and  the  hardwoods 
were  scantily  represented  by  small  white  birch,  aspen,  and  maple, 
which  were  mixed  with  the  young  pine.  In  the  dense  stands 
of  mature  timber  these  deciduous  trees  were  killed  out  but  reap- 
peared where  the  superannuated  pines  were  dying  off  and  the 
oover  of  their  shading  crowns  was  broken,  (Oneida,  Vilas, 
Marinette,  and  Bayfield  counties.) 

On  the  better  loamy  sands  the  pine  forest  was  a  mixture  of 
white  and  red  (Norway)  pine,  with  occasional  patches  (perhaps 
temporary)  of  jack  pine  (Vilas,  Oneida  counties)  but  on  the 
poorer  sands  the  red  (Norway)   and  jack  pine  often  stood  alone 
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as  a  pure  growth.  Either  one  or  both  together  formed  forests 
of  coDsiderable  extent,  usually  with  hardly  any  undergrowth 
and  mixture  save  some  scattering  scrub  oak.  (Barrens  of  Bay- 
field county  and  in  Douglas,  Marinette,  and  Portage  counties.) 
The  greater  part  of  the  swamps  in  North  Wisconsin  were 
well  stocked  with  dense  thickets  of  tamarack,  cedar  (arborvitse),. 
and  some  scattering  spruce.  The  cedar  (arborvitse)  prevailed 
in  those  of  the  eastern  part,  especially  the  swamps  of  the  sandy 
loam  lands  along  and  near  Green  Bay,  the  tamarack  had  undis- 
puted possession  of  those  of  the  southern  and  southwestern  part 
and  also  covered  part  of  the  swamps  of  the  openings.  The 
swamps  of  the  central,  northern,  and  northwestern  part  were 
stocked  without  regularity,  some  with  tamarack,  others  with 
cedar,  and  in  many  of  them  both  trees  occurred  together.  The 
spruce  as  a  very  runty  shrub  or  half  tree  covered  many  open 
bogs  and  otherwise  occurred  scattered  in  the  swamps,  especially 
within  the  moister  hemlock  area. 

FOREST  CONDITIONS  OF  THE  PRESENT. 

At  present  these  forests  are  materially  changed.  More  than 
one  million  acres  have  been  cleared  and  put  in  cultivation.  Dur- 
ing forty  years  of  lumbering  nearly  the  entire  territory  has  been 
logged  over.  The  pine  has  disappeared  from  most  of  the  mixed 
forests  and  the  greater  portion  of  pineries  proper  has  been  cut. 

There  is  to-day  hardly  a  township  in  this  large  area  where  no 
loggiiig  lias  been  done.  In  addition  to  this,  the  fires,  following 
all  logging  operations  or  starting  on  new  clearings  of  the  settler^ 
have  done  much  to  change  these  woods.  Nearly  half  this  ter- 
ritory has  been  burned  over  at  least  once:  about  3  million 
acres  are  without  any  forest  cover  whatever,  and  several  million 
acres  more  are  but  partly  covered  by  the  dead  and  dying  rem- 
nants of  the  former  forest. 

In  the  better  hardwood  areas  (Taylor,  Marathon,  Langlade 
counties)  the  least  change  has  occurred;  the  former  existence  of 
the  pine  is  scarcely  noticed  and  the  forest  is  damaged  by  fire 
only  where  it  borders  on  "pine  slashings"  or  spots  where  quite  ft 
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body  of  pine  occurred  and  haa  been  removed.  On  the  lighter, 
gravelly  loam  and  sandy  loam  soils,  where  the  pine  formed  a 
heavier  admixture,  the  remaining  hemlock  and  hardwoods  are 
badly  damaged  and  often  entirely  killed  over  extensive  tracts. 
(Parts  of  Price,  Chippewa,  Sawyer,  Washburn  counties.)  In 
most  of  the  pinery  areas  proper,  the  repeated  fires  have  largely 
cleared  the  lands  of  all  the  heavier  debris  in  slashings.  (Oneida, 
Marinette,  Washburn  counties,  near  Lake  Superior  at  Ashland 
and  Bayfield  and  in  Douglas  counties.)  Here  are  large  tracts  of 
bare  wastes,  "stump  prairies,"  where  the  ground  is  sparsely  cov- 
ered with  weeds  and  grass,  sweet  fern,  and  a  few  scattering 
runty  bushes  of  scrub  oak,  aspen,  and  white  birch.  These  al- 
ternate with  thickets  of  small  pine  (often  jack  pine)  which  in 
spite  of  repeated  fires  have  escaped  destruction  or  have  re-estab- 
lished themselves.  Nor  have  these  changes  beeen  restricted  to 
the  upland  forests.  The  swamps,  too,  of  every  county  have  suf- 
fered from  fires.  Some  of  the  worst  forest  fires  have  started  in 
the  dense  tamarack  and  cedar  swamps  of  the  sandy  areas,  where 
the  most  complete  destruction  has  taken  place.  (Oneida,  Price, 
Chippewa,  Marinette  counties.) 

In  the  accompanying  map  an  attempt  is  made  to  show  the 
present  forest  conditions  as  well  as  to  give  some  notion  of  the 
former  extent  and  character  of  these  woods.  The  areas  of  pin- 
ery proper,  distinguished  by  red  color,  represent  the  pine  forests 
of  almost  pure  growth,  without  merchantable  hardwoods  and 
hemlock,  covering  the  sandy  districts  of  this  region.  The  island 
tracts  of  mixed  forest  on  heavier  soil  are  not  shown  and  in  the 
same  way  the  numerous  small  tracts  of  regular  pinery  scattered 
through  the  great  body  of  mixed  forest,  particularly  along  the 
rivers,  were  left  out  for  sake  of  clearness  and  partly  because 
their  exact  limits  were  not  ascertained.  The  hardwood  mixed 
forest,  distinguished  by  green  color  in  three  shades,  to  indicate 
differences  of  density  or  yield,  is  divided  by  a  red  line  into  two 
parts,  the  hemlock  and  birch  area  on  the  north  and  east  of  this 
line  and  the  oak  woods  west  and  south. 

The  existence  of  pine  is  indicated  by  red  signs,  the  plus  sign 
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(+)  being  used  where  it  still  exists  in  considerable  quantities^ 
the  minus  sign  ( — )  where  it  has  been  cut  out. 

Where  pine  predominates,  the  signs  of  the  red  circle  with 
and  without  a  cross,  denoting  present  and  former  conditions  are 
employed. 

Where  the  hardwoods  are  largely  cut,  culled,  or  destroyed  by 
fire,  the  minus  sign  in  black  is  used,  while  jack  pine  and  jack 
oak  are  in  all  cases  indicated,  the  one  by  red  and  the  other  by 
green  V  sign. 

GONIFBROUS  SUPPLIES. 

The  conifers,  particularly  the  pines,  formed  solid,  almost  pure, 
forests  oyer  more  than  30  per  cent,  of  the  area  under  considera- 
tion besides  hundreds  of  groves  of  smaller  extent  scattered 
throughout  the  entire  area  of  mixed  forest.  In  addition,  they 
formed  the  most  conspicuous  part  of  these  mixed  forests  them- 
selves so  that  the  name  of  "pinery''  was  applied  to  the  entire 
forest  once  covering  this  area.  The  conifers  covered  especially 
the  poorest  land,  stocked  the  barrens,  the  light  sands,  the 
roughest  gravel  lands,  and  clothed  the  swamps  wherever  these 
permitted  of  any  tree  growth.  Besides  forming  the  bulk  of  the 
forest  growth,  the  chief  conifers,  white  and  red  (Norway)  pine 
and  hemlock  grew  to  larger  size  and  better  shape  than  the  hard- 
woods; they  yielded  more  material  and  were  easier  logged, 
transported,  and  sawed,  and  their  product  found  a  much  more 
extensive  market.  In  total  amount  of  saw  timber  the  conifers 
originally  excelled  the  hardwoods  about  as  five  to  one,  but  at 
present  all  the  conifers  combined  furnish  only  about  twice  as 
much  material  as  the  hardwoods. 

"WHITE  PINE. 

Past. — The  white  pine  occurred  in  nearly  all  parts  of  this 
area;  in  most  coimties  it  was  foimd  in  every  township,  on  almost 
every  section,  and  though  checked  at  the  "openings,"  apparently 
by  a  lack  of  moisture,  it  followed  all  the  streams  (the  Wisconsin, 
Black,  Chippewa,  St.  Croix,  etc),  for  a  considerable  distance  be- 
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yond  the  limits  of  the  forest.  Generally  it  seems  quite  inde- 
pendent of  the  quality  of  the  soil;  it  grew  as  fast,  as  steadily 
and  to  as  large  proportions  on  the  sandy  and  gravelly  lands 
along  the  Flamheau,  Chippewa,  and  Wisconsin  as  on  the  heav- 
ier soils  of  the  divides  and  the  famous  Wolf  river  basin. 

The  yields  varied  with  the  size  and  number  of  trees  per  acre. 
It  is  naturally  largest  in  mature  stands  of  pure  growth,  such 
as  may  be  seen  in  parts  of  Oneida  and  Vilas  counties,  where 
as  much  as  2  million  feet  are  cut  from  40  acres  and  where 
single  acres  might  be  selected  cutting  100  M.  feet  B.  M.  The 
yield  is  smaller  in  very  old  timber,  even  in  the  pinery,  where 
the  stand  is  broken,  and  still  more  so  in  the  old  and  scattered 
timber  of  the  mixed  forest  where  often  but  one  or  two  trees 
were  found  to  the  acre.  A  cut  of  one  million  feet  per  40  acres, 
or  25  M.  feet  per  acre  was  and  is  considered  a  very  good  yield 
and  generally  the  cut  is  less  than  half  this  amount  Since  in  all 
these  wild  woods  the  groimd  is  irregularly  covered  and  almost 
every  40-acre  tract  has  its  bare  places  without  merchantable 
timber,  all  figures  of  yield  per  unit  are  somewhat  misleading. 
Entire  townships  (23,000  acres)  are  known  to  have  cut  over  400 
million  feet  per  town  while  200  million  per  town  have  been  ac- 
counted for  in  the  output  of  the  several  mills  for  the  entire 
area  of  Wood  coimty,  and  a  cut  of  about  125  millions  per  town 
is  recorded  for  the  Wolf  river  above  Shawano.  For  comparison 
with  present  supplies  an  attempt  is  made  in  the  following  table 
to  estimate  the  original  stand  of  pine  for  the  several  river  basins. 
The  figures  are  by  no  means  high,  and  have  been  verified  at 
least,  for  portions  of  every  basin  as  explained  further  on. 
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Original  stand  of  pine  in  north  Wisconsin. 
(Onljr  the  27  conntios  Tisited  are  inrolTed  here.) 


Name  of  river 
baBio. 


Nam  her 
of  town- 
ship 
stocked. 


Yield  per 
town- 
ship, 
limion 
ft 


Yield 

per  river 

basin. 

Million 

ft. 


Tield  for 
river  as 

per  cent. 
of  total 

per  cent. 


Present 

stand. 

Million 

ft. 


Blaok 

St.  Croix 

Bed  Cedar  ... 

Cuippewa.... 

Wisconsin  ... 

Wolf 

Oconto 

Peshtigo 

Menominee... 

Bivers  to  Lake 
Superior  ... 

Bivers  to  Green 
Bay 

Total 


40 
100 
40 
175 
172 
00 
28 
27 
47 

76 

7 


125 
200 
200 
175 
125 
125 
150 
160 

160 

200 


9.00U 
12.500 
8,000 
35.000 
30,100 
7.600 
8.500 
4.090 
7.090 

11,400 

1.400 


7.0 
9.7 
6.2 
27.0 
23.1 
5.8 
2.7 
8.1 
5.4 

8.8 

1.1 


250 

8.600 

475 

3,600 

2,800 

475 

190 

600 

1.500 

4.200 


772 


129,400 


100 


17,400 


Considerable  Jack 
pine  barrens. 


Maoh  hardwood  area. 
Mnch  hardwood  area. 
Much  hardwood  area. 

Only  Wisconsin  side. 


Of  these  129.4  billion  there  is  approximately : 

Standing  at  present 17.4  billion  fset. 

Cut  between  1873  to  1898....    06.0  billion  feet. 
Probable  cat  1840  to  1873 .. .    20.0  billion  feet 

Accoanted for 108.4  billion  feet 

Leaving  abont  26  billion  feet  as  probably  wasted ;  chiefly  destroyed  by  fire. 

Present. — ^In  considering  the  present  supplies  of  pine,  both 
white  and  red  (Norway)  pine,  of  which  fully  80  per  cent  is 
owned  by  lumbermen,  it  must  be  borne  in  mind  that  in  spite  of 
many  years  of  losing,  but  few  townships  of  the  better  stocked 
regions,  outside  of  settlements,  have  been  l(^ged  'clean,  and 
coimties  like  Chippewa,  Clark,  Marathon,  and  even  "Wood,  still 
continue  to  furnish  large  quantities  of  pine  logs  of  all  sizes.  It 
is  also  interesting  to  note  in  this  connection,  that  it  is  not  so 
much  a  lack  of  good  logs,  but  the  fact  that  of  late  everything  is 
cut  clean,  which  has  reduced  the  average  size  of  logs  to  half  of 
what  it  was  twenty  years  ago.  But  it  ia  especially  the  fragmen- 
tary or  culled  condition  of  the  forest  which  makes  general  or 
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wholesale  estimates  difficulty  and  causes  the  ojMiiioiis  on  pine  sup- 
plies to  Taiy  within  such  wide  limits.  ''Most  men  know  little 
about  what  their,  neighbora  have/'  and  ''the  man  whose  pine  sup- 
ply is  nearly  at  an  end,  and  who  finds  it  difficult  to  buy  more 
stumpage  thinks  that  everybody  shares  his  trouble."  These 
two  statements,  yariouflly  expressed,  may  be  heard  in  many 
places,  are  readily  verified  in  every  county  and  fully  indicate 
the  difficulty. 

The  figures  in  the  following  table  represent  the  results  of  a 
diligent  and  careful  inquiry  into  the  present  condition  of  sup- 
plies. It  is  believed  that  though  somewhat  higher  than  those  of 
the  majority  of  estimators  they  are  still  quite  conservative  in 
the  aggregate  and  justly  apportioned  among  the  several  counties: 


STANDING  PINB  IN  NOBTH  WISCONSIN. 


County. 


Barron   

Bayfield   • 

Burnett 

Chippewa 

Clark  200 

Douglas    3,500 


Million 
feet  B.  M. 
....  850 
. . . .  150 
....  3,000 
....  200 
....       500 


Dunn 

Eau  Qaire* 
Florence  ... 

Forest 

Iron 

Jackson  . . . 
Langlade  .. 
Lincoln  .... 


25 
50 
150 
500 
400 
100 
150 
250 


MilUon 
County.  feet  B.  M. 

Marathon 200 

Marinette    1,500 

Oconto|    75 

Oneida    1,200 

Polk    240 

Portage    20 

Price   200 

Sawyert  2,000 

Shawano    300 

Taylor    200 

Vilas    1,500 

Washburn   350 

Wood 100 


Total  17.355 


The  estimates  here  given  are  not  calculated  but  simply  based 
upon  estimates  of  different  men  well  informed  with  regard  to 
certain  parts;  they  were  critically  examined  by  comparing  them 

*  Ganyaased  only  for  its  pine. 

t  Probably  too  low,  bat  left  so  in  deference  of  good  authority. 
X  Believed  to  be  8,500  by  good  authority. 
r.  w.— 2 
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iritb  ihoie  of  otlier  men,  and  also  by  compariaon  with  reanlta  of 
aalcolatioiia  baaed  on  probable  cut  per  40,  or  per  town  and  the 
srea  aappoaed  to  be  still  coTered  with  timber.  MoieoTer,  the 
probability  of  the  correctneaa  of  the  yarioua  estimates  was  snb- 
}eeted  to  scmtiny  in  yarioua  ways  and  tested  by  personal  inspec- 
tion of  the  field. 

Upon  saoh  basis,  utiliring  partial  and  imperfect  estimates^ 
checked  and  connterchecked,  the  attempt  was  made  to  approach 
as  near  the  truth  as  was  possible  by  such  methods.  After  the 
writer  had  made  up  his  own  estimates  he  once  more  submitted 
the  same  to  his  informants  and  their  divergence  of  opinion^ 
wherever  essential,  will  be  found  noted  in  the  part  of  this  report 
which  refers  to  conditions  in  each  county. 

The  white  pine  appears  to  seed  heavily  and  quite  regularly; 
the  trees  in  all  parts  of  North  Wisconsin  were  laden  with  cones 
in  the  fall  of  1897.  The  seedlings  thrive  best  on  sandy  soils, 
but  grow  on  loamy  soils  almost  as  well;  the  young  growth  forms 
dense  thickets,  grows  very  fast  in  height  (1  to  2  ft.  per  year) 
as  well  as  in  thickness  (often  one-half  inch  and  more)  and  the 
sapling  timber  cleans  itself  quite  well  of  its  dead  branches, 
though  not  as  well  as  red  (Norway)  pine.  In  Wisconsin,  the 
tree  is  normally  over  50  feet  high  at  the  age  of  50  years,  attains 
a  height  of  over  120  feet  and  a  diameter  of  over  30  inches,  and 
continues  its  growth  in  thickness  with  a  most  remarkable  stead- 
iness to  a  great  age,  200  years  and  more.  White  pine  as  a  ma- 
ture timber  has  more  faults  than  red  (Norway)  pine,  bears 
more  large  dead  stubs,  disfiguring  its  trunk,  is  prone  to  fork^ 
three  and  even  four  laige  forks  often  springing  from  the  same 
stem,  and  is  much  more  unsound,  old  timber  being  frequently 
defective  by  decay.  Both  white  and  Norway  pine  find  a  ready 
market  in  every  locality,  and  are  sold  as  stumpage,  logs,  and 
lumber.  Pully  90  per  cent  of  the  present  cut  of  over  2  billion 
feet  (about  3.5  billion  in  1893)  is  logged  on  a  large  scale  with 
heavy  equipment  and  is  sawn  in  large  mills.  All  cutting  is  ex- 
tremely close;  in  most  camps  everything  is  taken  ''that  will 
make  a  2x4,"  so  that  even  sapling  thickets  are  no  longer  spared^ 
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and  tlie  milliiig,  driyingy  grading,  etc.,  are  done  with  remarkaUe 
care  and  economy.  OrduMoy  mature  timber  yields  about  4  to 
4 1-2  logs  per  tree,  where  6  to  7  logs  cut  1  thousand  feet  B.  M. 
The  general  ayerage  diameter  of  the  pine  logs  is  at  preeent  <»dy 
aibont  14  inches  and  it  takes  10  logs  to  make  1000  feet  B.  M. 
Where  much  red  (Norway)  pine  is  cnt,  the  size  is  eyen  smaller; 
large  qnantities  are  logged  today  where  15  to  20  logs  are  re- 
quired to  make  1  M.  f  t  B.  M. 

Future. — The  future  of  pine  supplies  neoeflsarily  depends  on 
the  amount  of  growing  timber  and  its  chance  to  grow.  Through- 
out the  hardwood  districts  there  is  no  young  growth  of  pine  of 
any  consequence.  Some  groyes  of  young  pine  occur  on  many 
old  and  burned  oyer  slashingB  on  the  sandy  loam  and  loamy 
sand  districtBy  where  settlement  has  put  a  stop  to  the  fires.  In 
all  pineries  proper  many  thickets  of  young  pine  occur  which 
haye  sprung  up  during  the  last  26  years,  but  most  of  these  are 
on  land  either  neyer  logged  before  or  else  but  lightly  culled. 
If  protected,  these  groyes  could  soon  furnish  a  considerable 
quantity  of  merchantable  timber,  but  under  present  conditions 
most  of  them  will  be  crippled  or  entirely  killed  by  fires  or  else 
eat  into  cord  wood  for  shook  purposes.  By  far  the  best  ex- 
ample of  thrifty  young  white  pine  on  old  burned  oyer  Rlashings 
may  be  seen  at  Shawano;  other  fine  groyes  occur  abundantly 
near  Grand  Bapids,  and  other  places  on  the  Wisconsin  riyer  and 
also  on  the  Chippewa  and  its  tributaries.  These  groyes  of  pine 
haye  sprung  up  so  gradually  that  in  many  cases  persons  familiar 
with  the  place  are  astonished  when  the  young  pine  are  pointed 
out  to  them.  After  the  first  fires  the  land  is  coyered  by  fire- 
weed  and  aspen,  then  it  is  usually  burned  oyer  a  few  times  more, 
untQ  the  bulk  of  the  debris  is  consnmed,  when  the  aspen  is  giyen 
a  chance  to  form  thickets  of  greater  denseness.  The  common 
notion  is  that  this  is  the  end,  that  the  land  is  now  to  continue  in 
aspen  and  that  aspen  is  the  alternate  in  a  '^natural  rotation"  of 
pine  and  hardwoods.  If,  howeyer,  there  are  any  suryiyors  of 
pine  near  by — a  common  case,  especially  on  slashings  of  former 
years— young  pine  seedlings  will  soon  make  their  appearance 
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among  the  aspen.  But  these  pines  require  about  five  years  be- 
fore they  are  a  foot  high  and  so^  even  though  numbering  500- 
600  per  acre,  they  escape  for  years  the  notice  of  most  people. 
Before  long,  however^  the  gray  of  the  aspen  thicket  changes  to  a 
mixture  of  gray  and  green,  and  in  a  few  more  years  the  aspen 
grove  is  transformed  into  a  pine  thicket  with  the  aspens  feebly 
struggling  or  dying  out.  There  are  n:iany  of  these  groves  of 
young  pine  in  every  county  visited;  their  aggregate  area  is  safely 
estimated  at  about  200,000  acres,  and  they  are  able  to  furnish 
within  60  years'  time,  if  protected,  a  yield  of  more  than  a  biUion 
feet  of  marketable  material.  But  while  the  ability  of  white 
I^ne  to  reproduce  itself  ie  thus  amply  demonstrated  in  every 
county  in  North  Wisconsin,  the  fact  still  remains,  that  the  great 
body  of  cut-over  pine  lands  have  not  and  do  not  at  present  re- 
cover themselves  with  young  pine,  but  that  more  than  80  per 
cent,  of  the  bare,  burned,  cut-over  lands  are  practically  devoid 
of  any  valuable  forest  growth  whatever. 

BED  (NORWAY)  PINK. 

The  red  or  Norway  pine  occurs  in  every  one  of  the  27  coun- 
ties here  under  consideration,  but  is  abundant  only  in  those 
which  contain  sandy  districts  of  greater  extent  This  pine  does 
not  occur  on  the  loam  and  clay  soils,  except  on  the  slopes  along 
Lake  Superior.  It  generally  grows  mixed  with  white  pine  on 
the  loamy  sands  (Oneida,  Yilas  counties,  etc.),  and,  alone  or 
mixed  with  jack  pine,  occupies  the- poorer  sands,  as  the  barrens 
of  Bayfield,  Marinette  counties,  etc.  The  red  pine  grows  quite 
rapidly  when  young  and  up  to  the  age  of  about  100  years,  grow- 
ing as  fast  or  faster  than  white  pine  on  the  same  poor  soils.  It 
grows  very  slowly  when  old,  generally  forms  a  more  slender 
stem  than  white  pine,  and  does  not  attain  the  same  dimensions, 
especially  in  its  diameter.  It  seeds  heavily  and  reproduces  well; 
it  shares  in  covering  pine  slashings,  forms'  dense  stands,  cleans 
itself  well  of  limbs,  makes  a  straight,  clean  stem,  is  more  sound 
than  white  pine,  and  yields  very  heavily.  Originally  it  formed 
but  a  very  small  part  of  the  entire  stand  of  pine,  but  today  about 
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13  per  cent  of  the  remaimng  supply  is  red  pine.  It  is  treated 
like  white  pine  in  all  branchee  of  exploitation  but  brings  a 
smaller  price  and  is  more  extenaiyely  cut  into  dimension  stuff. 
Its  frugality,  rapid  growth,  fine  dimensions,  and  heavy  yield 
iiighly  recommend  this  tree  in  considerations  of  reforestation* 

JACK  PINS. 

Jack  pine,  in  Wisconsin,  generally  takes  pofiseflsion  of  all  tbe 
poorer  sands,  where  hardwoods  and  eyen  white  pine  no  longer 
thrive.  Nevertheless,  it  is  also  found  on  sandy  loam  ureas  (Sha- 
wano and  parts  of  Marinette  counties)  where  better  trees  have 
grown,  and  it  appears  that  its  presence  in  these  localities  is  due 
to  large  fires  which  many  years  ago  completely  consumed  the 
former  forest  and  so  reduced  the  fertility  of  the  soil  that  none 
but  this  most  frugal  of  conifers  could  reclothe  the  land.  Jack 
pine  forms  characteristic  dense  thickets  and  even  forests  of  many 
miles  in  extent,  mixes  frequently  with  red  pine,  less  frequently 
with  white  pine  and  still  less  often  with  hardwoods  except  the 
scarlet  and  other  scrub  oaks  and  to  a  less  extent  the  white  birch, 
which  are  its  normal  companions. 

In  Wisconsin  it  is  always  a  small  tree,  generally  less  than  10 
inches  in  diameter  and  below  60  feet  in  height;  frequently 
groves  of  several  hundred  acres  consist  apparently  of  trees  of 
nearly  one  agd  and  size.  The  tree  reproduces  well,  grows  quite 
rapidly,  but  only  while  young,  and  is  generally  short  lived, 
reaching  its  best  growth  before  the  80th  year.  At  present  it  is 
not  used  to  any  extent,  neither  stumpage  nor  logs  having  real 
commercial  value  except  in  parts  of  the  jack  pine  and  oak  open- 
ingSy  where  it  is  used  as  fuel  and  for  farm  purposes.  The  total 
stand  of  this  pine  if  taken  down  to  4  inches  diameter  is  about 
3,500  million  feet,  of  which  about  1,700  million  might  well  be 
used  for  dimension  stuff  while  the  rest  could  be  employed  as 
pulp  wood.  Its  great  frugality,  ease  of  propagation,  rapid 
growth,  and  large  yields  will  recommend  the  jack  pine  for  the 
purpose  of  restocking  all  poorer  sands. 
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HEMLOCK. 


Hemlock  is  confined  to  the  gravelly  loam  and  claj  lands  of 
the  more  humid  half  of  Iforth  Wisconsin  and  shares  some  of 
the  peculiarities  of  the  white  pine  growing  within  these  limits. 
It  is  generally  old  timber  with  little  indication  of  active  repro- 
duction. Over  wide  areas  only  lai^  old  trees  occur,  and  in 
mjuiy  localities  even  these  are  gradually  dying  out  Wherever 
the  forest  is  partly  cleared,  where  considerable  pine  is  removed, 
the  hardwoods  cut  out,  clearings  and  roads  opened,  and  also 
where  fire  has  run,  the  hemlock  with  its  shallow  system  of  roots 
at  once  shows  its  great  sensitiveness  to  any  interference  in  the 
moisture  of  the  soil,  and  all  or  at  least  most  of  the  trees  succumb. 
In  this  way  a  large  proportion  of  the  hemlock  on  the  lighter 
gravelly  loams  of  Price,  Sawyer,  Chippewa,  and  other  counties 
has  been  killed.  Much  of  the  timber  on  heavier  lands  in  the 
vidnily  of  pine  slashings^  etc.,  has  also  died  and  now  furnishes 
great  quantities  of  dead  and  fallen  material  for  future  fires^ 
which  in  turn  will  decrease  the  supply  of  the  much  underesti- 
mated material. 

There  is  apparently  no  lack  of  seed,  for  like  pine  the  hem- 
lock in  1897  was  full  of  cones,  and  yet  there  is  but  very  little 
reproduction  of  this  tree.  For  miles  no  young  growth  of  any 
size  is  seen,  and  the  small  trees,  often  mistaken  for  saplings,  gen- 
erally prove  to  be  runts, — suppressed  individuals,  often  150  and 
m(»e  years  old.  The  only  places  where  this  tree  still  seems  to 
hold  its  own  are  some  of  the  wet  '%df -swamps''  of  the  eastern 
part  of  this  area.  The  young  hemlock  stands  a  great  deal  of 
shading  and  close  crowding,  but  grows  slowly  both  in  height  and 
thickness.  The  tree  does  not  clean  itself  well  of  its  branches, 
rarely  forks,  forms  a  more  tapering  trunk  than  the  pines  and 
does  not  attain  their  dimensions.  In  the  southern  port  of  its 
area  and  on  the  heavier  soils  it  grows  to  a  height  of  85  to  100 
feet,  with  a  diameter  of  24  to  30  inches;  in  the  northern  counties 
and  on  the  lighter  gravels  it  is  usually  both  shorter  and  smaller, 
frequently  not  over  60  feet  high  and  under  20  inches  in  diameter* 
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Hemlock  is  genenllj  quite  Bound  but  much  of  it  is  diimed  to 
be  ahakj  at  the  butt  In  all  better  localitiea  it  cuts  about  three 
logs  per  tree,  and  farther  northward  about  two.  Being  generally 
mixed  with  hardwoods  in  very  variable  proportiona^  the  yield 
of  hemlock  varies  within  wide  limits.  Mature  stands  of  pure 
growth  yield  600  M.  feet  and  over  per  40  acres.  To  cut  200  VL 
feet  requires  good  hemlock  land  and  generally  where  large  areaa 
are  considered,  and  tiie  hemlock  forms  40  to  60  per  cent  of  the 
total  cut  (pine  having  been  removed),  yields  of  100  to  150  IL 
feet  per  40  acres  may  be  expected.  The  present  supply  of  hem- 
lock is  generally  much  underestimated.  This  is  partly  due  to 
the  fact  that  large  quantities  have  been  killed  by  fire  and  ex- 
posure to  wind  and  sun,  and  partly  to  market  conditions  which 
prevented  a  proper  appreciation  of  this  product  Hemlock  was 
ordinarily  not  estimated  at  all  or  only  the  largest  and  best  trees 
were  considered.  According  to  the  best  informed  persona, 
there  are  standing  at  present  nearly  12,000'  million  feet  of  hem* 
lode  saw  timber,  an  estimate  which,  in  the  o^Hnion  of  the  writer, 
is  still  25  per  cent  below  the  real  truth.  The  distribution  of  this 
supply  over  the  several  counties  is  given  in  the  general  table, 
and  whatever  may  be  said  of  the  total,  the  figures  are  believed 
fairly  to  represent  the  relative  proportions.  In  places  hemlock 
is  extensively  peeled  for  its  bark;  considerable  quantities  are  cut 
into  lumber,  chiefly  dimension  stuff,  and  some  of  it  is  used  as 
pulp  wood.  In  general,  however,  it  is  not  yet  appreciated,  so 
that  neither  stumpage  nor  logs  can  readily  be  sold  and  millions 
of  feet  are  wasting  in  the  woods.  The  ability  of  the  hemlock 
to  endure  crowding  and  shading  is  more  than  ofifset  by  its  alow 
growth  and  its  demands  on  the  soil,  so  that  this  tree  deserves  but 
a  secondary  place  in  the  forest  of  the  future. 

ABBOBYITAB  (OBDAB). 

ArborvitsB  or  cedar  in  Wisconsin  is  practically  limited  to  the 
moister  hemlock  area,  but  unlike  this  latter,  continues  through 
Douglas  county  into  Minnesota,  where  it  is  a  common  tree 
throughout  the  humid  forest  region.     Qenerally  the  cedar 
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(arborvitSB)  is  limited  to  the  ewampe^  but  as  in  parts  of  Minneseta 
and  Michigan,  it  also  invades  the  ordinary  forests.  In  many 
swampa  it  is  wanting,  frequently  it  is  sole  occupant;  more  com- 
monly, however,  it  is  mixed  with  tamarack,  some  spruce  and 
often  a  few  scattered  hardwoods;  it  forms  dense  thickets,  repro- 
duces well,  grows  rather  slowly,  is  generally  under  18  inches  in 
diameter  at  four  feet  from  the  ground,  and  is  less  than  60  feet 
in  height;  the  older  trees  are  normally  defective  at  the  butt. 
The  yield  of  cedar  is  extremely  variable  and  difficult  to  estimate. 
As  it  is  saleable  down  to  4  and  even  3  inches  diameter  the  yield 
is  generally  great  wherever  the  swamps  have  not  been  burned. 
A  total  of  1,300  million  feet  B.  M.,  the  equivalent  of  2,600,000 
cords,  may  be  regarded  as  a  very  conservative  estimate.  Cedar 
(arborvitee)  is  cut  for  posts,  poles,  both  telegraph  and  telephone, 
ties,  and  shingle  timber.  Wherever  it  is  near  highways,  cedar 
finds  good  market;  the  logging  is  generally  done  on  small  scale, 
and  exact  figures  for  the  total  cut  are  therefore  not  accessible. 

TAMABAGK. 

Tamarack,  like  cedar  (arborvitsB)  grows  chiefiy  in  the 
swamps;  only  in  some  of  the  moist  and  cold  localities,  especially 
along  Lake  Superior,  does  it  invade  to  a  small  extent  the  upland 
woods.  Unlike  the  arborvitfie  the  tamarack  inhabits  the 
swamps  quite  to  the  western  and  southern  limits  of  the  district 
under  consideration,  and  even  stocks  part  of  the  swamps  of  the 
adjoining  oak  and  jack  pine  openings  or  brush  prairies.  In 
these  drier  localities  it  remains  small,  but  within  tho  more  humid 
parts  it  attains  commonly  to  12  or  16  inches  in  diameter,  reach- 
ing a  height  of  70  to  80  feet  with  a  most  remarkably  small  taper. 
It  reproduces  well,  grows  quite  fast,  forms  very  dense  thickets, 
often  entirely  covering  the  swamp  with  poles  of  nearly  one  age 
and  size,  but  also  often  occupying  merely  its  edges  or  the  center. 
It  may  be  practically  alone,  i.  e.,  form  groves  of  pure  growth, 
but  quite  often  it  is  mixed  more  or  less  with  cedar,  spruce,  and 
some  hardwoods.     The  former  condition  frequently  or  nearly 
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always  obtaine  in  the  drier  weetem  or  eautliem  parte.  Being 
saleable  only  as  tie  and  pile  timber,  tamarack  nnder  10  inches  is 
not  merchantable;  and  many  swamps,  though  densely  stocked, 
contain  not  a  cord  of  marketable  material.  The  older  stands 
are  generally  more  open,  many  of  the  trees  having  fallen  prey 
to  age  and  weather.  These,  with  the  tall  marsh  grass  and  the 
large  masses  of  dead  and  fallen  timber  form,  during  dry  seasons, 
most  favorable  starting  points  for  fire.  For  this  reason  many  of 
the  swamps,  in  some  counties  the  majority,  contain  no  green  tim- 
ber and  continne  to  be  for  years  a  serious  menace  to  the  sur- 
rounding country.  The  standing  merchantable  tamarack  is  es- 
timated at  about  1,600  millions  of  feet  or  3,200,000  cords,  to 
which  would  have  to  be  added  at  least  an  additional  3  million 
cords,  if  pulp  wood  down  to  4  inches  is  included. 

In  estimating  the  amounts  of  swamp  timber,  both  cedar  (ar- 
borvitse),  tamarack,  and  spruce,  the  area  of  the  swamps  is  esti- 
mated in  lump  for  some  counties,  but  more  commonly  by  going 
over  the  minutes  and  maps  for  each  township  with  some  well- 
informed  person.  The  area  of  burned-over  and  open  swamps 
was  then  deducted,  and  finally  a  yield  per  acre  for  the  wooded 
swamp  area  settled  upon.  This  latter  is  generally  about  3  thou- 
sand feet  or  6  cords  peK  acre,  and  though'  apparently  low,  is  not 
isa  from  the  truth  when  compared  with  estimates  of  large  areas 
which  have  been  examined  in  this  connection.  In  the  propor- 
tion of  cedar  (arborvitse),  tamarack,  and  spruce,  localily  and 
market  conditions  are  considered.  For  some  localities,  upland 
oedar  and  spruce  are  also  estimated. 

Though  many  of  the  tamarack  and  cedar  swamps  will,  in 
time  be  converted  into  hay  marshes  and  even  fields,  both  cedar 
and  tamarack  could  well  continue  to  produce  large  quantities  of 
useful  material.  At  present  but  little  tamarack  is  cut  Some 
is  sawn  into  dimension  stuff,  little  of  it  is  used  for  piling  and 
poles.  Strangely  enough,  the  poor  sappy  poles  of  red  (Norway) 
pane  aro  preferred  to  it  in  the  market,  and  tamarack,  even  for 
ties,  has  such  a  poor  rating  that  most  of  the  ties  of  these  sections 
aiiQ  either  shipped  in  or  made  of  hemlodk. 
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Spruoe  oocuis  scattered  throughout  the  moister  loam  land 
diatricfei^  e^ieciallj  of  the  northern  and  eastern  part  of  this  terri- 
tory, but  is  man  ooounonly  restricted  to  the  swamp  and  semi- 
swamp  areas.  On  many  oi  the  poor  moss  bogs  it  forma  the  only 
tree  growth.  It  is  nowhere  abundant^  form  no  solid  bodies,  in 
a  mere  runty  shrub  or  half  tree  on  the  moss  bog  and  even  on  the 
better  boQb  attains  a  diameter  of  only  about  12  inches  with  a 
height  of  60  feet  Trees  over  12  inches  are  the  exception,  trees 
18  inches  and  over  are  rare.  It  seems  to  reproduce  fairly  weU, 
endures  shade  but  seems  sensitiye  to  changes  in  soil  moisture, 
thriving  only  in  very  moist  localities.  Being  scattered,  spruce 
is  logged  only  in  a  small  way,  though  alt<^ther  considerable 
<iuantities  are  being  cut  for  pulp  and  an  increase  of  this  cut  may 
bee:q)ected. 

The  total  stand  of  spruce  in  North  Wisconsin  may  be  placed 
at  about  1,200,000  cords^  including  all  wood  down  to  4  inches. 

BALSAM  FIR. 

Balsam  fir  is  thinly  scattered  in  most  forests  of  the  more  hii- 
mid  loam,  and  day  lands.  like  q>ruce  it  is  often  wanting  over 
oonsiderable  tracts,  but  few  large  districts  are  entirely  without 
it  It  reproduces  well,  stands  crowding,  and  endures  shade; 
grows  fairly  well  when  young  and  favorably  situated,  remains 
small,  but  is  never  as  shortlived  as  is  often  supposed.  It  is  gen- 
erally less  than  12  inches  in  diameter  and  below  60  feet  in 
height.  It  never  forms  large  bodies  of  forest,  is  little  used  as  yet, 
rarely  cut  for  logs,  occasionally  for  temporary  buildings,  and  of 
late,  to  some  extent,  for  pulp  wood.  Being  usually  left  out  of 
timber  estimates,  the  amount  of  standing  balsam  is  not  easily 
ascertained.  In  all  forests  where  balsam  fir  occurs  in  commer- 
cial quantities  the  yield  per  acre  was  placed  at  from  2  to  4  IL 
feet  B.  M.  or  4  to  8  cords  per  40  acres^  an  estimate  which  agrees 
with  some  estimates  made  by  the  Chicago  A  Northweatem  Bail- 
way  company  in  Forest  and  adjoining  counties.   This  figure  will 
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^gsaenHj  piore  oonaidembly  below  the  truthi  but  it  seems  de- 
arable  to  hare  at  least  some  estimate,  howerer  crude^  <rf  this 
material,  espedallj  as^  it  is  already  beginning  to  have  a  market 
▼alue  as  pnlp  wood.  Including  everything  from  4  inohed  up 
theire  are  pn4)ably  about  800,000  oords.  The  balsam  fir  has  no 
future,  the  ground  it  occupies  is  largely  farm  land,  its  growth 
IB  too  slow,  its  size  too  small  to  commend  it  to  future  operations. 

HAJtDWOOD  SUPPLIB8. 

Ko  sharp  limits  of  distribution  or  composition  of  the  great 
hardwood  forest  are,  possible,  aside  from  the  general  outlines  of 
the  part  which  bears  hemlock  and  birch  as  difterentiated  from 
the  oak  forest  Basswood,  maple,  elm,  and  ash,  the  principal 
hardwoods  aside  fnMn  oak  and  birch,  all  entered  into  the  com- 
position of  the  hardwood  forest  in  nearly  all  parts  of  this  area, 
though  in  widely  yarying  proportions.  Thus  in  <me  locality 
ehn  forms  30  per  cent  and  more  of  the  woods,  while  in  another, 
but  few  miles  distant  and  with  soil,  drainage,  etc.,  alike,  the  elm 
is  nearly  replaced  by  basswood  or  birch.  Nor  is  it  easy  to  draw 
lines  with  reference  to  size  and  quality  of  development  Good 
timber  on  good  soils  passes  by  easy  stages  into  inferior  timber 
on  poorer  soils,  and  it  is  but  fair  to  say  that  some  good  timber 
grows  in  every  counly.  In  general  it  is  an  unquestionable  and 
well  recognized  fact  that  the  hardwood  timber  becomes  smaller 
and  scrubbier  toward  the  north;  and,  when  the  extremes,  as  for 
instance  the  hardwoods  of  Dunn  or  of  Shawano  counties  are 
compared  with  those  of  Iron  and  Douglas  counties,  this  truth 
is  quite  apparent,  but  the  transition  ia  gradual  and  any  apparent 
lines  of  demarcation  are  generally  explained  by  differences  in 
aoil  rather  thar  effects  of  dimate.  In  the  southern  portion  of 
the  area  under  consideration,  the  hardwoods  attain  considerable 
dimensions.  Oak,  basswood,  and  elm  90  to  100  feet  high  and 
over  80  inches  thick  are  nothing  unusual.  In  general,  how- 
ever, the  mature  timber  is  under  80  inches  in  diameter  and  under 
75  feet  in  height,  and  on  large  tracts  shorter  than  60  feet  and 
onder  SO  inches. 
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Generally  the  hardwoods  are  '^short  bodied'^  as  compared  to 
conifers;  thej  furnish  per  tree  about  2  1-2  logs  and  in  the  north- 
em  counties  scant  1 1-2  logs,  of  which  it  takes  7  to  10  to  the 
thousand  feet  B.  M.  Of  the  different  kinds,  basswood  and  elm 
are  tallest  and  longest  in  body,  tho  former  quite  commonly  cut- 
ting 3  and  even  3  1-2  logs  per  tree,  and  the  latter  often  furnish- 
ing ship  timbers  60  to  70  feet  in  length.  Birch  is  generally  the 
shortest,  and  large  trees  often  furnish  but  a  single  log.  As 
might  be  expected,  much  of  the  older  hardwood  timber  is  in  all 
stages  of  degeneration  and  decay,  so  that  much  of  it  is  defective 
and  the  cut  consequently  wasteful.  The  oak,  being  naturally 
the!  longest  Uved  and  having  the  most  durable  wood,  is  least  af- 
fected, '4t  cuts  sound;"  basswood,  birch,  and  ash  are  about  alike 
and  quite  defective  when  old;  while  of  all  hardwoods  the  maple 
is  the  worst  in  thi^  respect  With  this  tree  especially,  the  fault 
is  not  entirely  a  matter  of  age  but  seems  largely  due  to  injury 
in  consequence  of  frost;  "frost  cracks"  with  their  peculiar  ram- 
part-like thickenings  or  ridges  along  their  edge  being  very  com- 
mon. These  cracks  admit  fungi  and  insects  and  thus  introduce 
decay.  This  evil  in  maple  is  most  strongly  complained  of  in 
the  central  and  northern  parts  and  least  in  the  southeast  and 
southwesti  where  a  great  deal  of  fine  maple  occurs. 

Concerning  the  yields  in  hardwoods,  opinions  differ  widely; 
the  estimates  are  generally  too  low  and  are  commonly  deficient. 
The  reasons  for  this  are  several.  Lack  of  experience  both  in 
estimating  and  milling  of  hardwoods  is  a  chief  cause,  the  men 
being  used  only  to  pine  but  not  to  hardwoods.  To  this  must  be 
added,  lack  of  time,  the  work  usually  being  too  hurried,  and 
also  the  fact  that  most  of  the  work  is  done  for  certain  kinds  of 
timber  only,  oak,  basswood,  elm,  etc.  Such  estimates  usually 
include  only  choice  material,  the  peculiarities  of  the  hardwood 
market  reacting  even  on  the  matter  of  estimates.  Generally 
the  yields  are  estimated  at  from  80  to  150  M.  feet  per  40  acres^ 
or  2  to  4  M.  feet  per  acre  for  fair  to  good  lands,  and  from 
25  to  50  M.  feel;  per  40  acres  for  the  poorer  lands  and  the 
northern  lake  districts.    Some  townships  in  Wood  and  Marathon 
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counties  aie  known  to  liave  cut  over  100  million  feet  per  town 
or  nearly  6  M.  per  acre  for  the  total  area^  swamp  and  all. 
Smaller  districtSy  as  some  forests  in  Shawano  and  Langlade 
counties,  cut  from  10  to  15  M.  feet  per  acre,  hut  these  must  be 
regarded  as  exceptions. 

The  standing  hardwood  and  hemlock  was  determined  by  as- 
certaining the  area  of  fairly  stocked  woodland,  excluding  swamp 
lands,  then  settling  on  the  yield  per  acre,  or  40,  and  finally 
estimating  their  relative  proportions.  The  determination  of 
the  area  is  the  weakest  point  in  the  estimates.  The  yields  for 
all  principal  localities  are  based  on  wholesale  estimates  and  re- 
sults of  actual  operations.  Thus  the  cut  per  township,  or  the 
cut  for  a  number  of  sections,  was  considered,  as  also  the  esti- 
mates of  lumbering  and  railway,  companies,  besides  the  detailed 
experience  of  several  hundred  men,  and  the  results  weighed  by 
comparing  the  growth  in  different  localities. 

The  proportions  of  hemlock  and  hardwood  and  the  different 
kinds  of  hardwoods  among  themselves,  is  also  ascertained  in 
the  same  manner.  There  exist  for  dl  principal  localities,  ex- 
tensive detailed  estimates;  those  of  the  Chicago  &  Northwestern 
Railway,  and  also  those  made  for  several  years  by  Mr. 
Ben.  Hall  of  Marinette,  are  models  of  this  kind.  Of  these, 
a  number  were  examined,  and  in  addition  the  views  of  different 
operators  compared.  To  most  men  the  figures  of  yield  will 
probably  seem  high,  and  in  truth  6  M.  feet  per  acre,  or  240  M. 
per  40,  does  appear  like  a  large  amount  even  for  the  best 
counties.  But  it  must  not  be  forgotten  that  here  all  kinds 
of  timber,  birch,  maple,  elm,  etc.,  are  considered  merchantable, 
and  also  that  all  sizes  above  12  inches  diameter,  and  for  oak 
and  hemlock  even  tie  sizes  are  included.  Waste  and  swamp 
areas  are  excluded  and  thus  only  the  acres  of  well  stocked  land 
enter  into  consideration.  Those  who  consider  the  yield  as 
taken  too  low  (and  there  will  be  many  of  these)  will  bear  in  mind 
that  merchantable  saw  timber  in  hardwoods  and  hemlock,  is  at 
present  quite  a  different  thing  from  pine,  and  also  that  both 
hardwoods  and  hemlocks  are  short-bodied,  have  been  injured  by 
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fire,  and  inTolye  in  all  old  stands  a  hea^y  per  cent  of  defectiye 
Bftaterial. 

Present  stand  of  hardwood  9aw  timber. 
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The  hardwoods  are  eat  in  all  parts  of  this  tenitory,  they  are 
generally  logged  in  a  small  way  and  most  of  the  lumber  is  cat 
in  small  mills,  with  a  yearly  ontpat  of  1-2  to  5  million  f eet» 
According  to  a  masterly  canvass  conducted  by  the  Northweit- 
em  Lumberman  of  Chicago,  the  results  of  which  are  published 
in  its  issue  of  January  22,  1898,  the  total  output  of  hardwood 
lumber  amounts  to  about  275  million  feet  B.  M.  To  this  must 
be  added  large  quantities  of  mining  timber  used  in  the  mines 
of  Florence,  Iron,  and  Ashland  counties,  railway  ties,  piling 
and  construction,  and  ship  timbers;  and  also  considerable  quan- 
tities of  cooperage  material  and  wagon  stock,  which  in  the  ag- 
gregate probably  bring  up  the  total  cut  of  hardwoods  to  about 
600  million  feet 

The  most  valued  and  therefore  the  most  culle  J  of  the  hard- 
woods is  the  oak,  particularly  white  oak,  the  exploitation  of 
which  was  begun  in  Wood  and  Clark  counties  more  than  25 
years  ago.  Of  the  other  hardwoods,  the  basswood  is  most  ex- 
tensively cut  and  finds  the  most  ready  market,  followed  in  this 
reqDect  by  elm,  particularly  the  fine  rock  elm.  Birch,  though 
the  prettiest  wood  of  the  region,  is  much  underrated,  owing  to 
fashions  which  prejudice  the  market  Nevertheless,  laige  quan- 
tities are  cut  every  year  and  the  same  is  true  of  maple,  which  is 
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gisnerally  the  least  estimated  of  the  hardwoods.  Owing  to  it^ 
irregular  distribution,  ash  is  of  local  importance  only,  though 
in  some  places  it  is  claimed  that  ash  logs  are  as  easily  procured 
as  almost  any  other.     (Oconto  county.) 

Among  trees  of  secondary  importance  aspen  (poplar),  white 
hirch,  butternut  and  beech  may  be  mentioned  in  order  of  their 
economic  value.  The  aspen  (poplar),  both  the  common  aspen 
and  large-toothed  aspen  are  found  in  all  parts  of  the  area,  but 
are  conspicuous  as  timber  trees  only  in  the  northern  forests, 
espedally  of  Douglas^  Bayfield,  and  Ashland  counties.  These 
aq>ens  (poplars)  take  possession  of  all  burned  slashings,  but 
aside  from  their  yalue  as  nurse  trees  to  pine  and  better  woods 
the  aspens  on  the  slashings  of  Korth  Wisconsin  have  generally 
been  of  no  Talue  so  far,  and  it  appears  doubtful  if  they  ever 
will  be  except  in  a  few  localities,  chiefly  in  the  better  sandy 
loam  districts. 

The  white  birch  is  best  developed  near  Lake  Superior,  but 
never  grows  laige,  generally  remaining  a  mere  sapling,  com- 
monly less  than  12  inches  in  diameter  and  50  feet  in  height  In 
this  territory  it  is  almost  always  a  member  of  mixed  woods^ 
often'  joining  the  white  pine,  and  rarely  forms  thickets  by  itself 
(on  some  burned  areas  in  Forest  county.)  It  is  cut  for  chair 
stock,  etc,  but  90  per  cent  of  all  white  birch  is  too  small  for 
present  markets. 

The  butternut  is  sparingly  scattered  over  the  better  loam 
lands  as  far  north  as  the  Iron  Bange.  It  occurs  isolated,  rarely 
in  small  groups,  and  though  it  grows  to  good  size  its  distribution 
here  seems  uncertain  and  accidental. 

The  beech  is  restricted  to  the  sandy  loam  lands  of  the  Green 
Bay  region,  and  invades  only  the  edges  of  the  real  loam  or  clay 
lands  of  northern  Oconto  and  Shawano  counties.  Wherever 
seen,  it  appears  to  thrive,  is  abundant  in  all  sizes  and  evidentiy 
reproduces  welL 

Throughout  the  hardwood  forests  all  stages  from  the  seed- 
ling to  the  old  and  decaying  timber  trees  are  represented.  In 
some  cases  the  stand  of  old,  mature  timber  is  quite  heavy,  and 
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undergrowth  and  sapling  timber  are  restricted;  bnt  more  gener- 
ally the  mature  trees  are  in  the  minority^  and  are  scattered 
about^  standing  10  to  20  per  acre,  and  the  greater  part  of  the 
ground  is  occupied  by  yoimg  trees,  small  saplings,  and  bushy 
or  withy  beginners.  The  imdergrowth  is  generally  composed 
of  the  young  forest  trees,  and  distinct  kinds  or  species  perform- 
ing this  function  are  few,  often  wanting.  All  kinds  of  hard- 
woods reproduce  actively  as  is  well  illustrated  in  numerous 
windfalls  and  abandoned  clearings,  where  dense  thickets  of 
mixed  hardwoods  occupy  every  foot  of  the  ground.  Abund- 
ance of  seed  and  ability  to  stand  shade  enable  the  maple  to  pre- 
dominate among  the  yoimg  growth  even  where  it  holds  but 
third  rank  and  less  as  a  timber  tree.  Conspicuous  among  the 
yoimg  growth,  without  ever  attaining  the  size  of  log  timber, 
are  the  blue  beeoh,  bush  or  etriped  maple,  and,  somewhat  less 
abundant,  the  hop  hornbeam.  As  a  common  underbrush 
proper,  on  both  loam  and  sandy  soils,  can  be  mentioned  only 
the  hazel.  The  dogwood  (cornel)  and  wild  red  (pin)  cherry 
are  much  less  abundant;,  the  latter  becoming  really  conspicu- 
ous only  on  the  burned  lands.  The  willows  are  quite  abundant 
as  scattering  brushwood  in  open  places,  and  occur  pn  the  dry 
sandy  soils  as  well  as  on  day  lands.  Alder  replaces  the  large 
willows  along  many  of  the  streams  and  in  soma  swamps.  It  is 
never  more  than  a  bush,  but  as  such  forms  characteristic  alder 
brakes. 

The  scrubby  hardwoods  of  the  openings  consist  almost  exclu- 
sively of  oaks.  A  variety  of  both  white  and  red  oaks  (partic- 
ularly bur,  white,  and  red  oaks)  grow  here  into  bushy  dwarfs, 
15  to  25  feet  high,  4  to  12  inches  in  diameter  and  branching 
out  almost  from'  their  very  base.  These  scrub  oaks  occasionally 
form  thickets  but  generally  stand  too  far  apart  to  prevent  a 
ground-cover  of  grass  and  weeds. 

Since  the  hardwood  forest  occupies  the  better  soils,  its  area 
will  necessarily  continue  to  be  diminished  as  the  country  is  set- 
tled, and  the  present  supply  of  timber  will  be  reduced  at  a  rate 
quite  independent  of  hardwood  lumbering.      Nevertheless,  the 
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difficulty  of  dearing  the  Lmd,  the  comporatiye  safety  from  fires, 
and  the  abundance  of  yonng,  well  growing  stock  all  combine  to 
prolong  the  supplies.  The  outlook  for  the  hardwoods  is  far 
brighter  than  for  the  much  more  yaluable  pine. 

TOTAL  SUPPLY  OF  TIBCBBR. 

In  the  following  table  the  entire  supply  of  timber  is  arranged 
according  to  the  usee  that  might  be  made  of  the  same: 
Cku9iflcation  of  wood  Bupplies. 


ConivBBs. 

I.    Saw  Timbbb. 

Million  feet 
B.  M. 

As  per 

cent,  of 

Conifers. 

Total  saw 
timber. 

White  Pine 

15,000 

8,300 

U,700 

58 

8 

40 

33.3 

Norway  pine 

5 

Hemlock 

86 

Totals 

89,000 

100 

64.3 

Habdwoods. 

I.    Saw  Timbbb. 

Million  feet 
B.  M. 

As  pet 

•  cent  of 

All  hard- 
woods. 

Total  saw 
timber. 

Oak 

I,i00 
4,600 
4,150 
8,500 
900 
8.900 

8.6 
89.0 
86.0 
16.5 

5.6 
14.3 

3.1 

Diunwoncl 

10.8 

Birch 

9.3 

Elm 

5  0 

Affb 

8  0 

Msplf^ 

5.1 

Totftjff 

16,000 

100 

35.7 

Total  of  saw  timber,  4,500  million  feet. 
F.  w.— 8 
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CliMai/loatian  of  wood  supplies  ^oonianxn&d. 


II.    PoLBB,  PiLiNo,  Ties,  Povn,  Etc. 


MUlion  feet 
B.M. 


Oedar 

Tamarack  (over  8  in.) 

Jaek  pine  (orer  8  in.). 

Total 


t,300 
1,600 
1,700 


4,600 


III.    CoBD  Wood  fob  Pulp,  Fuxl,  Chakcoal,  Etc.      1,000  Cords. 


Hemlock 

Jack  pine  (under  8  in.) . 
Tamarack  (under  8  in.) . 
Spruce 


5,500 
3,600 
3,000 
1,100 
800 


Totals  for  conifers. 
All  kinds  of  hardwood... 


U,000 
60,000 


IV.    Sapling  Pins  undbb  8  nrcHSS  about  5  Million  Cobds. 

It  will  be  observed  that  an  enormous  amount  of  coniferous 
material  exists  which,  under  present  conditions  possesses  hardly  a 
market  value.  Most  of  this  material  is  good  both  for  lumber 
and  pulp  and  it  is  to  be  hoped  and  expected  that  its  loss  by  fire 
and  otherwise  will  be  averted. 

PBS2SBNT  AOORETION  OR  INCRBMENT. 

In  North  Wisconsin  a  grove  of  well  grown  sapling  timber 
60  years  old,  of  pine,  may  be  assumed  to  cut  at  least  as  much 
as  15  cords  of  bolt  size  material,  or  about  6  M.  feet  B.  M.  per 
acre.  In  the  old  woods  as  they  stand,  the  trees  above  sapling 
mze  represent  the  great  mass  of  the  wood  material  and  therefore 
the  growth  of  wood  is  largely  on  trees  nearly  or  quite  of  log 
mxe,  so  that  the  same   amount   of  growth  per  acre  here  adds 
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more  aaw  timber  than  in  the  young  gtove  above  oonaidered' 
For  this  xeaaoo,  a  good  tliicket  of  pine  60  years  old  may  not  out 
much  more  than  6  IL  feet  per  acre^  since  much  timber  ie  under 
sized,  but  the  same  stand  at  120  years  old  would  essQy  cut  15- 
20  M.  in  s[ate  of  the  fact  that  over  half  the  trees  that  were 
found  in  the  60  year  grt>Te  have  died  before  this  age  is  leaohed. 
From  this  it  would  appear  that  100  feet  B.  K.  per  acre  and  year 
on  sapling  timber  is  probably  a  safe  estimate  iox  the  growth' 
in  this  region.  About  the  same  oondusicm  will  be  readied  if 
a  grove  of  old  hardwoods  is  considered.  Sudi  a  grove,  whioh 
may  cut  say  6  M.  feet  per  acre,  will  be  found  to  consist  largely 
of  young  trees,  and  among  these  20-80  good  sLsed  older  trees. 
If  examined,  it  will  be  found  that  the  age  of  the  oldest  is  not 
over  150  years,  so  that  here  about  one-third  or  less  of  all  the 
trees  standing  on  the  acre  have  produced  in  150  years  the  6  M. 
feet  B.  M.,  which  we  are  taking  for  lumber.  The  whole  acre, 
therefore,  may  well  be  assumed  to  be  able  to  produce  this  quan- 
tity in  one-third  this  time,  or  in  other  words  the  some  acre  might 
be  logged  over  for  6  M.  feet  about  every  50  years.  Such  an 
assumption  is  f  uUy  supported  also  by  comparing  the  cross-sec- 
tions of  the  pine  and  hardwood.  These  show  that,  though  the 
rate  of  growth  of  hardwoods  in  Wisconsin  is  ratHer  slow,  yet 
thegrowth  of  oaks,  basswood,  etc,  equals  and  excels  that  of  pine. 
If,  then,  100  feet  B.  M.  per  acre  and  year  be  assumed  as  an 
average  estimate  of  growth  for  this  region,  the  total  annual 
growth  over  the  whole  may  be  set  at  about  900,  million  feet  B. 
If.  and  is  distributed  among  the  different  kinds  according  to 
their  ascertained  acreage  as  follows: 

Million  feet. 
White  and  red  (Norway)  pine . .    250 

Jack  pine 30 

Hemlock 75 

Tamarack 30 

915 

Of  this  growth  the  greater  part  is  balanced  by  decay  or  nat- 
ural waste,  which  in  all  wild  woods  necessarily  equals  growth 
when  large  areas  and  long  periods  are  considered.      For  white 


Million  feet. 

Cedar 20 

Spruce  and  balsam. 10 

Hardwoods 500 
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pine,  red  (Norway)  and  jack  pine,  also  tamaraek  and  cedar  (ar- 
borvitse)  in  Wiflconfiin,  nearly  half  tlie  present  growth  takes 
place  in  yonng,  immature  timber,  since  this  largely  prevails. 
With  pine  in  the  hardwood  forest  and  still  more  with  hemlock^ 
decay  proceeds  faster  than  growth;  for  spruce  and  balsam  an 
increase  is  doubtf ul,  and  with  the  hardwood  forests  in  general^ 
growth  and  decay  seem  in  a  condition  of  equilibrium.  This 
growth  is  of  course  reduced  by  all  operations  reducing  either 
the  forest  area  or  the  growing  timber;  by  clearing,  by  logging 
sapling  or  growing  timber,  and  most  of  all  by  fires. 

COMMUNAL  INTBRBSTS  IN  F0RB8T  CONDITIONS. 

Forest  and  Wealth. 

The  importance  of  the  forest  to  the  State  of  Wisconsin  as  a 
factor  of  wealth  is  very  great.  The  statement  that  ^'the  wood 
industries  have  built  every  mile  of  railway  and  wagon  road, 
every  church  and  schoolhouse,  and  nearly  every  town,  and  that 
in  addition  they  have  enabled  the  clearing  of  half  the  improved 
land  of  North  Wisconsin,"  is  by  no  means  extravagant  exagger- 
ation. Between  1873  and  1898  more  than  66  billion  feet  of 
pine  alone  were  cut\  from  this  forest  and  even  then  the  lumber 
industry  was  in  a  flourishing  condition  on  all  the  streams  and 
had  built  up  La  Crosse,  Eau  Claire,  Chippewa  Falls,  Grand  Eap- 
ids,  Wausau,  Fond  du  Lac,  Oshkosh,  Green  Bay,  and  many 
other  places.  The  output  of  the  lumber  industry  alone  for  the 
year  1897  isi  illustrated  in  the  following  table,  taken  from  the 
'Northwestern  Lumberma/ny  whose  excellent  canvass  has  before 
been  referred  to: 
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Total  cut  of  lumber  in  Wisconsin  for  the  year  1897  (taken  from  the 
Northwestern  Lumberman^  January  ft,  1898. 


Name  of  district. 


MiUioiiFMtB.]f. 


White  and 
Norway 

pina 
Calooa.) 


HaidfPood. 


*  Below  M innaapoUa,"  i.  e..  on 

Miaaiasippl  Rivari 

8tGioizYaUe7> 

Chippewa  Yalier 

** Omaha"  Boad  (Ch..  St.  P.,  M.  A  O.  B.  B.) 

Wifloonsia  Taller 

Wieeonaiii  Central  Boad 

Lake  Shore  CAahland  Branch) 

Ashland  district 

"Soo"  Line  (N.  St.  P.  A  S.  St  M.  B.  B.) 

East  Central  Wisconsin 

Sonthem  Wisconsin 

MiBeelianeons 

Dnlnth  District 

Green  Bay  Shore  (a)  below  Menominee  ' . 

Oreen  Bay  Shore  (b)  on  Menominee 

Total 


284.8  (-1 
108.0 
274.3  T^ 

886.7  '> 
184.1  u 

128.8  ' 
288.8  iV 
vBO.2 

86.8 


8.8 


7.1 


18.8 


84.0 
129.0  V 

187.0  ^*' 


A90.7 


28.8 
24.8 
18.8 
2.8 
2.8 
8.9 


28.7 

80.8 

84.8 
81.1 


7.1 
8.9 
10.8 
2.7 


j..., 


8.0 


118.4 


278.0 


1  Only  H  of  tlie  original  item  is  snpposed  to  be  oat  on  Wisconsin  soil. 

■  Only  M  of  the  original  item  is  snpposed  to  be  cat  on  Wisconsin  soiL 

■  Only  M  of  the  original  item  in  lienominee  is  supposed  to  come  from  Wisconsin,  bat 
the  part  "below  Menominee"  is  aU  credited  as  cat  in  Wisconsin. 

The  following  table,  the  data  for  which  have  been  taken  from 
the  annual  statements  of  the  lumber  cut,  as  given  by  the 
Northwestern  Lumberman  represents  chiefly  the  output  of 
pine.  Since  in  the  original  statements  WisooDain  was  not  clearly 
separated  from  Minnesota,  on  the  one  hand  and  Michigan  on  the 
other,  it  was  necessary  to  modify  some  of  the  original  figures. 
The  '^Duluth  District"  was  entirely  left  out  as  being  supplied 
from  Minnesota  although  West  Superior  is  included  in  this 
item.      This  latter  item  could  be  segregated  and  added  to  the 
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data  giTen  below,  only  for  the  cut  of  1897.  Of  the  "St  Croix 
Eiver''  and  "Green  Bay  shore"  only  one-helf  Ib  credited  to  Wia- 
consin;  and  of  the  "MiflBiflsippi  Rirer"  only  one-third. 

Om  or  LmoMB,  CCnarLT  PnnO  m  WzsoontDi  nuuira  thb  25  Ybabs  XMDiwa  18B7 


Tear. 


1878. 
1874. 
187B. 
187f. 
1877. 
1878. 
1879. 
1880. 
18B1., 
1882.. 
1888. 
1884. 


Total  for  26  yean . 


Lomber  eat 

miUioofeet 

M.U. 


1.2i0 
1,200 
1.2B0 
1,840 
1,000 
080 
1,410 
1,900 
2,190 
2,580 
2,750 
2,060 


Year. 


1886. 
1886.. 
1887., 
1888.. 
1889.. 
1800.. 
1801.. 
1802.. 
1808.. 
189i.. 
1806.. 
1896.. 
1897.. 


Lumber  eat 

miUioofeet 

B.1C. 


2,710 
2.880 
2,800 
8,210 
8,210 
8,600 
8,010 
4,010 
8.400 
8,100 
2,800 
2,080 
2,480 


60,210 


To  tfaifl  moat  be  added  about  10  per  eent.  f6r  ahjnglee,  lath,  ete.,  bo  that  the  total  aaw 
mill  oa^rat  for  the  period  waaaboat  66  biiUon  feet  B.  M.  In  thie  amoant  inslcnifleant 
Qoantitisa  ol  hardwooda  and  hemlock  are  Indnded,  while  in  earlier  tlmea  probaUj  a 
eonslderable  amoant  even  of  pine  eat  ia  not  represented,  the  earlier  Hforea  being  leaa 
aeoorately  aaeertained. 

To  this  enormouB  amount  of  marketable  material  must  be 
added  lai^  quantities  of  cedar  timber,  ties,  poles,  poste,  pilixig^ 
etc.,  also  ties,  piling,  and  constniction  timber  of  hardwoods  and 
hemlock;  ship  timbers,  the  exploitation  of  which  has  brought 
special  crews  from  Quebec  and  other  points  to  these  woods; 
large  quantities  of  cooperage  and  wagon  stock;  many  million 
feet  of  mining  timbers;  besides  many  more  millions  of  feet  of 
material  for  home  use,  fuel,  and  charcoaL  The  value  of  these 
materials  according  to  the  State  Census  of  1895  exceeded  in 
that  year  the  enormous  sum  of  58  million  dollars  for  ^Qumber 
and  artideil  of  wood''  alone.    This  sum  amounted  to  more  than 
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one-third  the  enliro  value  of  the  products  of  agrieultare.  Be- 
sides these  materials  there  were  large  quantities  never  rseorded 
by  the  census  and  still  lairger  amounts  were  used  in  home  oon* 
sumption  as  fuel,  fencing^  construction  material,  etc^  which 
may  safely  be  valued  at  10  million  dollars. 

In  1890,  according  to  the  very  incomplete  federal  census  o£ 
that  year,  the  value  of  the  rough  lumber,  cooperage,  and  wagon 
stock,  ties,  poles,  posts,  piling,  and  all  products  of  the  wood  in- 
dustries as  they  leave  the  first  handy  amounted  to  40.4  million 
dollars.  If  to  this  is  added  the  value  of  pulp  and  tanning  ma- 
terial, of  mining  timber,  and  that  of  the  lai^  home  consump- 
tion, it  brings  up  the  total  to  fully  60  million  dollars  for  these 
products  at  fbrst  hand  and  shows  them,  like  the  census  figures  of 
1896  to  exceed  one-third  of  the  value  of  all  farm  products  of 
the  state.  And  to  these  farm  products  alone  are  the  simple 
forest  products  comparable,  for  in  most  other  industries  the 
same  article  often  highly  finished  and  costly,  appears  with  little 
or  BO  modification  as  a  product  of  several  branches  of  the  same 
induBtiy.  Thus  for  instance,  the  same  piece  of  costly  wrought 
metal  is  first  credited  to  the  rolling  mill,  then  appears  with  Ut- 
tle  change  as  a  product  of  the  boiler  maker,  and  reappears  with- 
out change  as  part  of  a  distilling  outfit,  or  a  steam  engine.  It 
thus  occuiB  three  times  as  a  product  of  the  iron  industry,  besides 
perhaps  swelling  the  output  credited  to  a  shipbuilding  estab- 
lishment 

Besides  their  own  value,  the  products  of  the  woods  stimulate 
secondary  manufacturing  industries,  supply  planing  and  pulp 
mills,  furniture,  cooperage,  and  wooden-waie  establishments, 
wagon  and  car  shops,  whose  aggregate  output  in  wooden  articles 
amounts  to  over  20  million  dollars. 

In  1890  there  was  invested  in  the  saw  milling  industry  alone, 
according  to  the  census  of  that  year,  fully  64.6  million  dollars, 
or  a  sum  equal  to  one-third  of  the  assessed  value  of  all  land  in 
the  state,  or  about  one-sixth  of  the  value  of  all  real  estate  and 
over  one-eighth  of  the  assessed  value  of  the  entire  wealth  of 
Wisconsin.      Of  the  84  millions  over  13  fall  to  the  milHng 
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plants  and  machinery,  11  millions  to  logging  equiimientB,  log- 
ging railwajBy  etc.,  induding  also  logs  on  hand  at  the  time,  and 
oyer  31  millions  to  tbnberland,  tributary  and  belonging  to  the 
saw-mills.  These  same  establishments  paid  during  that  year 
nearly  $700,000  taxes,  a  sum  equal  to  the  total  state  taxes  of 
Wisconsin;  they  paid  over  $3,000,000  for  running  expenses 
aside  from  wages;  about  15  million  doHars  for  wages  and  log- 
ging contracts  and  over  $700,000  for  the  keep  of  animals  alone. 
The  lumbering  industry  gave  employment  in  a  regular  way 
to  over  55,000  men  (not  women  and  children),  besides  purchas- 
ing several  million  doUars  worth  of  logs.  Of  those  persons  em- 
ployed in  these  operations  a  large  per  cent,  are  settlers  who 
through  this  industry  alone  are  enabled  to  support  themselyes 
until  their  slowly  growing  clearings  furnish  sufficient  harrest 
It  is  the  taxes  on  timbei*  land  (not  waste;  land,  however,)  and  its 
industries  which  furnish  the  ^^road  money''  and  it  is  this  same 
fund  which  builds,  equips,  and  largely  maintains  in  the  thinly 
settled  backwoods  of  Wisconsin,  schools  equal  if  not  better  than 
those  of  the  country  districts  of  any  other  state.  It  is  this  same 
industry  which  for  years  has  made  farming  in  the  backwoods 
more  profitable,  and  the  farmers  more  prosperous  than  those  of 
some  other  states  with  milder  climates  and  equally  fertile  soil. 
Nor  is  it  the  pine  alone  which  has  done  and  is  doing  so  much 
for  this  coimtry.  For  owing  to  an  unnecessary  and  injurious 
competition  in  the  exploitation  of  the  pineries  there  has  result- 
ed a  concentration  of  milling  and  logging  operations  which  in 
many  cases  deprived  the  particular  counties*  in  which  the  f^e 
supplies  were  located,  of  much  of  the  benefit  which  otherwise 
would  have  accrued  to  them  from  this  resource.  It  is  therefore 
to  be  expected  that  to  counties  like  Langlade,  Shawano,  Forest, 
Lincoln,  Taylor,  and  others,  the  standing  hemlock  and  hardwoods 
promise  to  be  of  greater  value  than  was  their  former  stand  of 
pine. 

Foresty  Climate^  tmd  WaterfUno. 

It  is  conceded  by  all  that  the  forest  exerts  a  beneficial  influ- 
ence in  tempering  the  rigors  of  a  cold  continental  climate  with 
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its  sudden  chaiiges  and  severe  stonns.  What  share  the  forest 
has  in  the  general  changes  of  humidily  is  not  so-  apparent.  It 
seems  quite  certain  that  a  general  and  very  gradual  change  from 
a  moister  to  a  drier  condition  has  been  going  on  for  a  long 
time  oyer  the  entire  Lake  Begion.  The  behavior  of  hemlock 
and  even  of  white  pine  in  the  matter  of  distribution  is  probably 
in  part  due  to  this  change.  How  much  the  forests  have  done 
to  retard  the  progress  of  this  desiccation  can  only  be  inferred. 
On  the  other  hand  there  are  striking  changes  in  the  drainage 
conditions  which  have  required  but  a  short  time,  have  taken 
place  within  the  memory  of  niany  of  the  residents^  have  fairly 
forced  themselves  on  the  attention  of  all  experienced  and  ob- 
serving people.  These  are  all  too  intimately  connected  with 
the  changes  in  the  surface  cover  to  leave  in  doubt  the  influence 
of  the  forest  upon  drainage. 

The  flow  of  all  the  larger  rivers  has  changed  during  the  last 
40  years;  navigation  has  been  abandoned  on  the  WiscoDsin, 
logging  and  rafting  have  become  more  difficult  on  all  livers, 
and,  what  is  even  a  far  better  measure  of  these  important 
changes,  the  Fox  river  is  failing  to  furnish  the  power  which  it 
formerly  supplied  in  abundance.  On  all  smaller  streams  simi- 
lar observations  have  been  made.  The  ''June  freshet/'  which 
in  former  years  could  be  relied  upon  in  driving  operations,  has 
ceased  on  most  streams  and  is  uncertain  on  the  rest  of  them. 
Of  the  hundreds  of  miles  of  corduroy  road  a  goodly  per  cent 
has  fallen  into  disuse,  the  ground  on  the  sides  has  become  dry 
enough  for  teams,  many  swamps  of  former  years  are  dry,  and 
hundreds  of  others  have  been  converted  into  hay  meadows  and 
fields  without  a  foot  of  ditching.  Tamarack  stood  on  parts  of 
the  present  site  of  Superior,  and  both  cedar,  and  tamarack  were 
mixed  through  the  forests  in  many  places  where  the  mere 
clearing  has  sufficed  to  dry  the  land  for  the  plow.  Many  of  the 
smaller  swamps  are  changed  before  actual  clearing  takes  place. 
Where  the  fires  following  the  logging  operations  have  cleaned 
out  the  swamp  thicket,  aspen  followed  the  fire  exactly  as  in  the 
upland,  and  though  in  some  cases  many  years  have  elapsed,  the 
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places  have  not  reverted  to  swamp  timber.  The  groimd  is  too 
dry,  the  hardwood  thickets  have  come  to  stay.  These  things 
are  well  known,  especially  to  the  woodsmen  of  the  region;  they 
are  in  all  cases  referred  to  the  removal  of  timber,  and  there  is 
probably  no  locality  in  the  world  where  this  subject  could  bet- 
ter be  studied  than  in  North  Wisconsin.  A  drive  with  some 
old  resident  through  the  settled  parts  of  Shawano,  Marathon^ 
Taylor,  and  other  counties  and  the  rehearsal  of  his  memories  pre- 
sent matters  of  the  utmost  interest  in  this  connection,  and  will 
hardly  fail  to  convince  even  the  most  skeptical  of  the  decided 
changes  in  drainage  and  soil  moisture  which  have  occurred  here 
and  are  still  in  progress. 

THE  OUTLOOK  FOR  THE  FXTTURB. 

It  is  impossible  to  foretell  how  long  the  pine  is  likely  to  last. 
As  stumpage  increases  in  price  and  the  opportunity  to  buy  it 
decreases,  one  mill  after  another  drops  out.  Half  the  mills  of 
20  years  ago  are  no  longer  in  existence,  not  because  they  failed 
to  pay  but  because  their  pine  supplies  gave  out,  and  this  same 
process  will  continue.  The  output^  already  on  the  decline,  will 
grow  smaller,  and  the  exploitation  of  the  17  billion  feet  of  stand- 
ing timber  is  likely  to  be  drawn  out  over  a  period  far  greater  than 
would  seem  possible  with  the  present  rate  of  cutting.  Never- 
theless, the  experience  of  parts  of  Michigan  and  also  of  Wood, 
Portage,  and  other  counties  in  Wisconsin  indicate  that  cutting 
will  go  on  without  regard  to  the  end,  and  its  rate  depends 
merely  on  considerations  of  market  conditions  and  facilities  for 
handling  timber,  so  that  the  end  of  the  greater  part  of  pine  lum- 
bering is  likely  to  be  quite  sudden,  and  its  effect  correspond- 
ingly severe. 

The  cut  of  hemlock,  though  still  small,  may  at  any  time  take 
on  considerable  dimensions.  There  are  several  good  reasons 
which  make  this  desirable.  The  wood  is  much  better  than  is 
commonly  assumed,  and  it  is  mere  prejudice — ^and  more  the 
prejudice  of  the  carpenter  than  of  the  consumer — ^which  pre- 
fers poor  pine  to  good  hemlock.     For  some  time  the  old  hem* 


Digitized  by  LjOOQIC 


THE  FUTURE.  4S 

lock  hBB  been  dying  out  quite  rapidly  in  most  parts  of  this  area; 
this  process  will  certainly  continue  and  unless  the  old  stands 
are  cat,  much  Tahiable  material  will  be  losL 

Hardwood  lumbering  will  continue  for  a  long  time,  though 
ptobably  at  a  rery  yaiiable  rate.  As  things  are  now,  the  pree- 
ent  cut  of  4-500  million  feet  per  year  can  be  continued  for 
more  than  50  years  unless  settlement  and  consequent  clearing 
should  progress  at  a  yery  unusual  pace. 

The  outlook  for  the  forest  itself  has  been  indicated  in  the  pre- 
ceding. The  hardwood  forest  is  being  reduced  by  logging  and 
clearing,  the  pineries  are  disappearing  and  fires  assist  the  de- 
struction of  both  besides  burning  out  the  swamps. 

As  pointed  out,  both  white  and  red  (Norway)  pine  are  per- 
fectly capable  not  only  of  continuing  as  forests  but  of  reclothing 
the  old  slashings,  but  are  generally  prcTented  from  doing  so  by 
fire. 

The  hemlock  is  in  a  process  of  natural  degeneration  and  even 
the  hardwoods,  though  thrifty  and  intact  as  forests,  seem  to  fail 
on  most  cut^Ter  lands  whereiver  fire  has  run.  Thus  about  90 
per  cent,  of  the  burned  over  lands  are  today  devoid  of  any  val- 
uable growing  timber;  producing  firewood  at  best  Another  40 
per  cent,  of  the  8  million  acres  of  culK>ver  lands  are  entirely 
bare.  And  this  unproductive  area  is  rapidly  increasing  in  ex- 
tent under  present  methods. 

Counting  that  100  feet  B.  M.  could  be  grown  as  the  possible 
annual  increment  per  acre  on  lands  which  are  left  entirely  with* 
oat  care,  save  the  protection  against  fire,  the  State  of  Wisconsin 
loses  by  this  condition  of  affairs  a  round  800  million  feet  B.  M. 
of  a  marketable  and  much  needed  material.  This  loss  is  pri- 
marily a  communal  loss,  a  damage  to  county  and  state,  for  the 
individual  owner  does  not  suffer;  the  land  is  bought  for  the 
timber  and  when  this  is  cut  the  land  is  only  held  if  it  appears 
thai  a  low  tax  assessment  and  opportunities  to  sell,  etc.,  will 
promise  more  profit  in  holding  than  in  abandoning  it 
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FOBBSTBY  OB  AGBIGULTUBB. 

The  point  is  raised  that  this  land  is  needed  for  agricultural 
purposes;  that  all  of  it  will  soon  be  settled  since  even  on  the 
poor  sand  lands  improved  methods  and  potato  crops  have  proved 
A  success.  While  the  statement  is  certainly  true  of  all  good 
day  or  loam  land%  it  appUes  but  doubtfully  to  over  half  and 
certainly  not  at  all  to  nearly  40  per  cent  of  this  area.  How 
long  it  takes  to  improve  a  territory^  how  much  unproductive 
waste  remains  even  in  the  older  so-called  ^well  settled"  counties 
appears  from  the  following  concrete  cases. 

Of  old  Sauk  county  not  one-half  is  improved  land;  the  five 
counties  of  Adams,  Waushara,  Juneau,  Marquette,  and  Mon- 
roe, with  an  aggregate  area  of  over  2  million  acres  of  uncom- 
monly level  land,  have  30  per  cent,  improved  land,  or  over  one 
and  one-half  million  acres  of  waste  and  brush  land,  most  of  which 
is  not  even  serving  the  purpose  of  pasture.  Adams,  Marquette, 
and  Waushajna  counties  with  their  800,000  acres  of  waste  land, 
instead  of  having  80  million  feet  of  pine  to  sell  which  might  be 
growing  every  year  on  its  non-productive  area,  supported  in 
1895  a  wood  industry  whose  product  amounted  to  the  pitiful 
sum  of  $13,000  and  probably  the  material  for  this  was  imported. 

But  even  where  the  land  is  good  and  might  all  be  farmed  it 
remains  doubtful  whether  the  forest  can  entirely  be  dispensed 
with.  Experience  in  older  countries  and  the  Eastern  States 
speaks  against  this;  the  farmers  of  the  fertile  prairies  are  plant- 
ing trees  for  the  sake  of  wood,  on  land  of  unexcelled  fertility. 
Some  of  the  farmers  of  Trempealeau  and  other  counties  who  go 
20  and  more  miles,  invading  jack  pine  groves  for  their  fuel,  find 
that  wood  is  both  too  necessary  to  do  without  and  too  bulky  to 
haul  far;  and  valuable  as  pasture  land  is  to  the  thrifty  farmer 
of  southern  Wisconsin,  the  great  importance  of  a  convenient 
wood  supply  has  led  to  an  actual  increase  in  wooded  area  in 
most  of  the  southern  counties  of  the  state. 

How  soon;  the  17  million  acres  of  wild  land  of  North  Wis- 
•consin  will  be  settled  no  one  can  teU;  the  likelihood  is  that  over 
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10  million  acree,  and  among  these  mnch  of  the  beet  land,  will 
still  remain  eitlier  woods  or  nnproductiye  brusli  land  in  60  yeara 
to  come.  What  adTantagei  it  is  to  a  county  and  to  the  stata  to 
have  poor,  nnproductive  sand  lands  tettled  by  poor  and  igno- 
rant people,  and  support  farms  ^'without  bams,"  cannot  here  be 
discussed.  In  the  same  way,  it  is  not  here  contemplated  to  en- 
ter into  the  question  of  communal  property,  i.  e.,  whether  it 
might  not  be  well  for  a  oounly,  which  can  get  land  for  the 
mere  taking,  to  hold  a  few  iownahipe  in  county  forests  and 
haye  these  county  forests  at  least  defray  the  county  expenses, 
and  give  work  to  many  people.  If  not  the  coimties,  certainly 
the  state  can  afford  to  acquire  and  hold  for  the  future  all  cut- 
over  lands.  Such  communal  properties  have  been  mainstays 
of  European  states  in  all  financial  crises  and  have  been  eagerly 
sought  and  guarded  by  all  European  governments  as  well  as  by 
towns,  counties,  and  cities.  With  a  county  holding  100,000 
acres  of  good  forest  land,  every  citizen  becomes  part  owner,  his 
store  or  shop  is  valued  in  proportion  as  it  shares  these  advant- 
ages,  and  instead  of  hindering  the  development  of  a  county,  as 
is  often  claimed,  such  a  forest  property  would  stimulate  im- 
migration and  help  to  develop  both  directly  and  indirectly  all 
the  resources  of  the  county. 

KBCOVKRY    AJ^D    PEEVKNTION    OF   WASTB. 

What  can  be  done  to  save  the  enormous  loss  to  the  state  is 
dear:  The  land  must  be  restocked  and  the  young  timber  must 
be  given  a  chance  to  grow  on  all  lands  which  are  essentially 
forest  soil  and  not  desirable  for  agriculture. 

Forest  Fires. — ^What  the  fire  has  done  to  the  pine  supply  is 
apparent  from  the  conservative  figures  of  original  stand  of  pine. 
'  Besides  this  injury  to  {nne,  the  fire  has  killed  more  than  5  bil- 
lion feet  of  hemlock,  at  least  1  billion  of  cedar  and  several  bil- 
lions of  hardwoods  besides  large  quantities  of  tamarack.  In  ad- 
dition fire  has  killed  stands  of  young  and  sapling  pine  (under 
8-inch  diameter)  covering   many  thousand  acres,  which  today 
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would  fumiflh  5  billion  and  more  of  merchantable  materiaL 
This  same  work  of  destruction  continues;  this  very  fall  (1897) 
many  hundreds  of  acres  of  young  sapling  pine  were  ruined  by 
£re,  and  it  will  require  many  years  before  the  opening  of  set- 
tlements and  roads  su£Soes  to  suppress  the  fire  fiend.  From  this 
it  is  dear,  and  the  fact  is  fully  oonoeded  by  all  persons  ocmyers- 
ant  with  the  conditions  of  these  woods^  that  the  first  and  most 
important  step  in  the  right  directiim  consists  in  the  organiza- 
tion of  an  efficient  fire  police. 

That  a  diversity  of  opinion  should  exist  on  this  subject^  is 
but  natural.  To  most  people  the  entire  subject  is  foreign,  the 
problem  too  lai^.  To  many  even  well  informed  and  experi- 
enced men  the  forest  fire  is  an  enormous  affair,  a  calamily 
which  man  is  entirely  unable  to  combat  Nevertheless^  the 
best  informed  men,  nearly  all  woodsmen  (^^cruisers^'  and  log- 
gers), whose  opinion  was  sought  in  this  connection  expressed 
themselves  in  favor  of  such  a  police  and  felt  certain  of  good  rer 
suit  In  considering  this  important  subject  it  may  be  of  in- 
terest to  point  out  a  few  fundamental  facts  which  may  help  to 
shape  a  polii^. 

1.  All  fires  have  a  small  beginning.  The  Peshtigo  fire,  by 
far  the  most  terrific  ever  experienced  in  Wisconsin,  was  known 
to  be  burning  and  gathering  head  for  fully  two  weeks  before  it 
broke  out  in  the  final  and  then  perfectly  unmanageable  form. 
The  Phillips  fire  was  heard  and  the  smoke  seen  and  felt  in  town 
for  days  before  it  reached  the  village  and  converted  it  into 
ruins. 

2.  All  fines  atop  of  their  own  accord  after  they  have  run  for 
but  a  moderate  distance,  evidently  finding  obstacles  which  gradu- 
ally reduce  their  power.  The  Peshtigo  fire  did  not  involve  the 
fourth  part  of  Marinette  county;  the  Phillips  fire  not  a  fourth 
of  Price,  and  a  most  intense  fire  in  northern  Chippewa  county, 
which  when  at  its  best  sent  fire-brands  across  a  lake  over  half 
a  mile  wide,  did  not  keep  on  running,  but  stopped  without 
going  much,  if  any,  beyond  the  county  line. 

3.  The  majority  of  fires  are  small  fires.     When  the  "whole 
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coimtry  ib  on  fire''  it  is  not  one  fire  but  hundreds  of  separate 
firee^  all  or  nearly  all  of  which  have  had  their  origin  lq  oareless- 

4.  It  is  carelessness  and  not  malice,  and  it  is  more  carelesfr- 
neas  of  letting  fires  go  than  of  starting  them  which  has  resulted 
in  the  enormous  losses. 

5.  Forest  fires  are  diminisbiug  in  number  m  settleixient  pix>- 
greases;  every  road,  every  clearing,  h^ps  to  supply  barriers^  in- 
creases the  number  watching  and  fighting  fires,  and  assists  in 
the  work  of  control. 

6.  Fondest  fires  are  both  pievented  and  fought  in  the  wild 
forests  of  India  and  in  all  parts  of  Europe;  in  localities  where 
hundreds  of  acres  of  the  young  sapling  pine  with  their  fine 
laigely  dead  and  dried  up  l»anches  (along  the  lower  part  of  the 
stem),  stand  so  thick  that  it  is  difficult  to  pass  and  where  in  ad- 
dition poverty  and  chagrin  among  a  dense  population  living 
close  to  the  confines  of-  the  woods  furnishes  wilful  and  malicious 
incendiaries. 

To  the  greater  part  of  the  opponents  of  such  enterprise  it 
may  also  be  pointed  out  that  iofc  this  country  experience  is  as 
yet  almost  entirely  wanting;  that  in  New  York,  in  Maine,  and 
in  Canada  the  fire  police  has  done  well  and  that  it  is  impossible 
for  anyone  to  say  at  present,  just  how  successful  the  fire  police 
of  North  Wisconsin  will  be.  Even  the  little  which  has  of  late 
been  attempted  to  educate,  remind,  and  warn  the  people  in 
matters  of  forest  fires  has  already  produced  good  results.  The 
placards  sent  out  by  the  State  Land  office,  practically  without 
ooet  to  the  state,  have  been  extensivdy  and  judiciously  placed, 
the  people  read  them  and  mind  them.  In  this  connection  it  is 
to  be  r^retted  that  the  good  attempts  which  have  been  made, 
especially  by  the  lumbermen  of  the  Menominee  river,  to  in- 
troduce the  burning  over  of  the  ^  Vorks"  or  choppings  through- 
out  the  woods,  has  not  found  favor  and  was  abandoned.  This 
process,  experience  shows,  costs  only  3  to  5  cents  per  thousand 
feet  of  logs  and  would  practically  put  an  end  to  the  regular 
slashing  fires.     In  the  light  of  past  experience  it  is  dear  to  all 
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that  not  only  5  cents  but  even  50  cents  per  M.  feet  could  prof- 
itably have  been  devoted  to  the  suppression  of  fire. 

Changes  on  Cut-Over  Lands. — The  condition  and  character 
of  the  aftergrowth  on  culrover  liaiiids  is  quite  variable,  since 
changes  occur  in  the  plant  cover  aa  well  as  in  soil  conditions  a> 
cording  to  original  condition  and  subsequent  treatment.  These 
conditions  and  changes  have  a  bearing  on  the  question  of  the 
future  of  these  lands,  whether  they  be  left  alone  or  be  restocked 
with  timber^  so  that  it  appears  desirable  to  give  a  description  at 
least  of  the  more  frequent  types. 

Sand  Pinery  Lands. — 1.  When  a  dean  dense  stand  of  ma- 
ture pine  timber  is  cut,  and  the  fire  gets  into  the  slashing  late 
the  following  summer  after  all  the  limbs  and  tops  on  the  ground 
have  had  a  chance  to  dry,  the  ground  is  fairly  cleared  by  the 
fire,  the  bulk  of  the  tops  ore  burned,  a  "stump  prairie'*  remains. 
On  the  poor  sandy  soil  whose  small  humus  oover  has  been  thus 
destroyed,  there  comes  first  a  crop  of  fire  weeds,  then  aspen  and 
sweet  fern,  with  other  weeds,  and  some  grass  and  isolated 
bushy  scrub  oaks  (often  some  willows)  cover  the  ground 
sparsely.  As  soon  as  enough  dry  leaves  and  other  material  have 
accumulated  the  fire  recurs  and  the  small  aspen  and  other  growth 
are  killed.  By  this  time  the  ground  is  much  reduced  in  fertility, 
aspen  is  slower  to  return  and  the  ground  is  largely  taken  by 
weeds  and  grass.  A  few  repetitions  of  fire  change  the  ground 
suflicientiy  to  prevent  the  further  growth  of  aspen  for  years 
and  there  are  many  areas  where  this  tree  has  given  up  all  effort 
to  restock  the  land. 

This  seems  to  be  the  common  ;f orm  of  slashing  in  heavy  pine. 
Such  areas  furnish  littie  foliage  for  live  cTtock,  they  are  natorally 
poor,  and  this  condition  is  much  aggravated  by  repeated  fires 
and  exposure  to  wind  and  sun.  To  an  attempt  at  restocking 
with  timber  they  offer  no  obstacle,  save  their  poverty,  which 
would  soon  be  changed  by  growing  timber. 

If  the  fire  is  not  repeated  in  such  a  slashing  the  aspen  forms 
dense  thickets  in  which  pine,  birch,  and  maple  gradually  find 
suitable  conditions  for  their  growth.     For  years  the  detrimental 
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effect  of  the  fire  is  visible  in  the  stunted  growth  of  the  young 
trees;  aspen,  which  in  the  original  forest  grow  often  several  feet 
a,  year  in  height,  remain  short  runts  and  it  is  not  until  ten  and 
more  years  of  rest  from  fire  have  permitted  the  accumulated 
litter  to  improve  the  soil,  that  a  more  vigorous  growth  becomes 
apparent.  Tracts  of  this  kind  occur  in  every  county,  but  they 
form  only  a  small  percentage  of  th€f  total  area  of  cutrover  lands; 
they  are  troublesome  to  clear  after  the  lockets  once  have  at- 
tained considerable  height  and  they  furnish  no  good  pasture. 
To  continue  them  as  woodlands  they  require  merely  protection 
from  fire,  and  for  their  improvement  pine  should  be  supplied 
either  as  seed  or  plants  wherever  it  is  wanting. 

2.  Where  the  old  stand  of  pine  was  broken,  and  a  consid- 
erable mixture  of  small  pine  and  hardwoods  existed,  there  re- 
mains after  the  first  fire  a  large  amount  of  scorched  and  charred 
standing,  dead  and  dying  material.  In  this,  as  in  the  following 
form  of  culrover  pinery  lands,  young  growth  readily  succeeds 
provided  fires  are  not  repeated.  But  this  happy  accident  does 
not  generally  occur;  the  great  quantity  of  dead  material,  most 
of  which  does  not  fall  during  any  one  year,  keeps  the  ground 
furnished  for  several  years  with  d6bri8  and  thus  invites  the  re- 
turn of  fires,  which  continue  to  come  until  the  ground  is  largely 
deared.  The  area  now  resembles  the  case  first  considered;  it 
is  a  stump  prairie,  though  usually  not  as  clean.  Here,  too,  the 
return  of  tree  growth  is  very  slow  and  often  discouraged  alto- 
gether for  years. 

3.  Where  groves  of  sapling  pine  have  been  culled  of  their 
larger  timber  and  are  then  fired,  the  greater  part  of  the  remain- 
ing growth  is  injured  and  much  of  it  is  killed.  These  injured 
groves  are  generally  of  little  promise  in  themselves;  their  growth 
is  hampered,  their  scorched  butts  doomed  to  decay;  but  ihey  are 
valuable  in  so  far  as  they  readily  restock  the  ground  with  young 
timber,  providing  this  is  not  killed  by  fire.  If  fire  occur,  which 
is  the  more  common  case,  the  entire  grove  is  either  gradually 
burned  and  killed,  or  if  the  fire  gets  in  during  a  very  dry  season 
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and  attaina  oonfliderable  proportions,  the  entire  grove  ia  changed 
at  once  into  a  tangle  of  scorched  and  charred  poles,  which  require 
for  their  improvement  either  a  great  amount  of  labor  and  ex- 
pense or  else  the  starting  of  more  fires  to  first  get  rid  of  the 
debris.  Where  fire  runs  through  slashings  (in  large  timber)  too 
early  in  the  season  when  the  ground  is  still  wet^  and  also  where 
no  fire  occurs  for  several  years  xdEter  logging,  so  that  the  leaves 
have  become  litter,  and  the  small  twigs  are  decayed,  then  the 
slashings,  even  of  wasteful  operations  where  large  amounts  of 
heavy  tops  and  much  dead  and  down  material  exists,  are  often 
not  burned  dean  and  the  ground  is  strewn  with  scorched  logs 
and  tops,  and  many  cases  exist  where  settlers  are  logging  today 
on  old  slashings  of  this  kind  although  not  a  Uving  pine  occurs. 

It  is  but  natural  that  these  several  forms  grade  into  each  other^ 
and  that  nearly  every  slashing,  especially  during  the  first  few 
years,  markedly  changes  its  complexion.  In  general  the  bare 
land  form  predominates  in  all  pinery  areas  and  occupies  today 
probably  about  70  per  cent  of  the  cut-over  lands. 

Loam  cmd  €lay  Lands. — 4.  A  greater  admixture  of  hard- 
woods, due  to  the  presence  of  a  larger  amount  of  clay  in  the  soil, 
materially  affects  the  condition  of  the  cut-over  land.  If  pine 
was  predominant  and  the  hardwoods  scant,  as  on  the  red  clays 
about  Lake  Superior  and  on  the  poorer  gravelly  loam,  the  re- 
moval of  the  heavy  stand  of  pine  commonly  involves  almost  a 
total  destruction  of  the  hardwoods  just  as  in  the  case  of  the  regu- 
lar pinery;  the  ground  is  soon  cleared  by  a  repetition  of  fires,  the 
aspen  ceases  to  return.  Unlike  the  sands,  however,  these  loam 
lands  soon  produce  a  fair  amount  of  grass  and  the  land  is  con- 
verted into  pasture. 

5.  Where  the*  hardwood  is  heavier,  and  especially  where 
hemlock  enters  into  the  composition  of  the  forest,  the  dead  tim- 
ber remains  standing  for  years.  A  forest  of  dead  trees  and  often 
400-800  cords  of  timber  per  acre  may  be  seen  after  repeated  and 
often  severe  fires  have  swept  over  the  ground.  Such  areas  are 
not  rare;  the  fires  of  1894  created  quite  a  number.     They  are 
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undesirable  pastuze  landsi  difficult  to  dear  and  still  largely  too 
good  to  be  lestocked  with  timber,  which  in  such  places  would 
require  considerable  labor  and  expense. 

6.  Where  the  heavy  hardwoods  and  hemlock  predominated 
and  the  pine  was  a  mere  scattered  admixture,  the  ground  and 
litter  are  usually  damp,  and  fires  run  only  during  exceptioDally 
dry  seasons  (as  in  1894).  The  removal  of  the  pine  from  these 
areas  is  not  followed  by  fire;  the  lands  are  left  densely  timbered, 
ao  that  they  hardly  seem  to  deserve  the  appellation  of  cut-over 
lands.  Nevertheless,  even  in  these  forests  fires  have  run,  never 
far,  to  be  sure,  but  still  strips  five  miles  and  more  in  length  are 
seen,  where  the  fire  has  left  a  dense,  heavy  cover  of  dead  and 
dying,  scorched  and  charred  trees  of  all  kinds.  Fortunately 
these  tracts  are  not  very  numerous;  their  only  hope  lies  in  clear- 
ing them  for  fsim  purposes,  for  which  nearly  all  of  this  heavier 
land  is  eminently  well  suited. 

Restocking. — ^What  may  be  done  to  restock  the  land  will  vary 
from  place  to  place,  according  as  the  land  is  well  under  way  to 
reclothe  itself,  or  is  a  bare  waste,  or  is  a  tangle  of  debris  or  cov- 
ered with  worthless  thickets  of  fire,  damaged  woods.  This  work 
may  be  done  at  once  or  by  piecemeal,  it  may  be  done  thoroughly 
or  roughly,  it  may  assist  nature  to  a  small  or  large  degree. 
Where  scattered  saplings  and  defective  trees  have  been  left  in 
logging  and  have  survived  the  fires,  these  trees  continue  to  seed 
the  ground,  around  each  of  them  a  little  crop  of  seedlings  springs 
up  after  good  seed  years  (every  3  to  5  years),  and,  if  protected, 
these  grow  and  in  about  20  years,  by  the  time  the  mother  trees 
are  gone,  bear  seed  themselves  and  then  really  the  process  of 
restocking  begins.  Thus  much  valuable  time  is  lost  and  the 
ground  remains  exposed  too  long  to  wind  and  sun  and  is  thereby 
reduced  in  its  fertility. 

In  many  districts  seed  trees  are  wanting;  repeated  fires  have 
killed  both  mother  tree  and  seedlings,  and  nature  must  be  as- 
sisted if  anything  is  to  be  accomplished  in  reasonable  time.  In 
most  sandy  pinery  lands  where  the  fires  have  made  a  clean  sweep, 
the  work  does  not  require  much  preparation,  and  a  very  cheap 
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beginning  can  be  made  by  planting  a  much,  smaller  number  (saj^ 
600  per  acre)  than  is  really  needed  to  make  a  satisfactory  stand. 
These  plants,  together  with  the  poplar,  birch,  and  other  brush, 
would  soon  make  a  cover  for  the  ground,  the  young  pine  would 
rapidly  be  growing  into  marketable  wood  and  at  the  age  of 
twenty  years  and  less  would  begin  to  shed  abundance  of  seed  so 
that  before  the  first  trees  are  ready  to  cut  every  foot  of  ground 
would  be  covered  by  a  promising  pine  thicket 

Fire  may  have  to  be  resorted  to  as  a  cheap  and  rapid  meana 
of  clearing  the  ground  where  it  is  covered  with  large  quantities 
of  dead  and  fallen  timber,  and  especially  where  dense  thickets 
of  fire-killed  brushwood  offer  serious  obstacles  to  any  sylvicul- 
tural  processes.  The  outlay  for  all  work  of  this  kind  need  be 
made  but  once;  the  forest  once  established  will  be  permanent 
and  by  judicious  logging  and  adequate  protection  against  fire 
will  renew  itself  indefinitely. 

Of  equal  and  perhaps  greater  importance  than  the  choice  of 
proper  methods  will  be  the  selection  of  the  proper  kinds  to  plant. 
Among  the  native  growth  the  pines  are  preferable  to  the  hard- 
woods, and  the  white  pine  is  foremost  here  as  in  every  other  re- 
spect. Nevertheless,  red  (Norway)  pine  and  even  jack  pine  will 
prove  of  great  value  and  may  often  have  to  be  resorted  to.  The 
value  of  these  pines  lies  in  port  in  their  frugality,  since  they  are 
perfectly  satisfied  with  poor  soils,  really  unfit  for  farming. 
They  are  still  more  valuable  in  their  gregarious  habit,  thriving 
in  great  numbers  together  and  thus  facilitating  exploitation,  and 
in  their  capacity  of  developing  a  large  number  of  trees  on  a 
small  area.  These  powers,  together  with  the  great  length  of 
their  trunk,  causes  them  to  produce  large  yields,  and,  fijially, 
the  character  of  their  wood  ensures  for  their  product  an  almost 
unlimited  market  at  all  times. 

The  white  pine  will  thrive  on  90  per  cent  of  all  sandy  areas 
of  Wisconsin  and  on  all  loam  and  clay  lands,  grows  fast  and  in 
very  dense  stands,  is  useful  for  pulp  at  30  years,  for  box  boards 
at  50  and  makes  lumber  at  80  to  100  years.  According  to  the 
experience  in  Massachusetts  and  New  Hampshire,  groves  QO 
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yean  old  cut  over  30  M.  feet  shook  boards  per  acre,  and  f urmsk 
trees  12  to  20  inches  in  diameter  and  over  70  feet  in  height 
These  Kew  England  groves,  which  have  largely  sprung  up  on 
old  abandoned  farmlands  and  are  generally  without  any  particu- 
lar management,  are  reported  to  furnish  in  the  aggregate  from 
80  to  50  million  feet  per  year. 

Red  (Norway)  pine  is  even  more  frugal  than  white  pine  and 
there  is  no  sandy  area  in  northern  Wisconsin  which  this  tree  can 
not  cover  with  an  abundant  growth  of  fine  timber.  The  jack 
pine  is  the  most  frugal  tree  of  all  and  though  of  small  stature 
and  short-lived  in  WiBConsin,  will  prove  a  valuable  aid  in  con- 
nection with  the  other  pines  and  especially  as  nurse  tree  on  the 
poorest  sands. 

To  encourage  the  hardwoods  will  not  be  necessary  except  in 
some  localities.  Wherever  abundant  now  they  are  growing 
well  and  are  likely  to  be  continued  in  the  wood  lot  of  the  farmer 
on  all  clay  and  loam  soils.  It  may  safely  be  predicted  that  the 
hardwoods  in  the  better  hardwood  counties  will  be  abundant  for 
many  years.  The  hardwoods  do  not  thrive  on;  most  of  the  land 
here  considered  ^^forest  land/'  they  refuse  to  grow  on  the  sands, 
yield  light  and  cut  wastef ully.  They  furnish  a  product,  which 
however  valuable  intrinsically,  will  for  a  long  time  have  to  be 
contented  with  a  limited  and  exacting  market. 

To  those  who  are  frightened  at  the  mere  idea  of  planting  for- 
ests and  who  scorn  European  methods  as  impracticable  in  this 
coimtry,  the  example  of  Saxony  may  be  of  interest.  In  that 
country  the  most  intensive  kind  of  forestry  is  carried  on,  so  that 
an  area  of  400,000  acres  (about  2-8  as  large  as  Lincoln  county) 
brings  the  state  a  net  income  of  nearly  2  million  dollars,  and 
furnishes  regularly  to  its  consumers  about  20  million  cubic  feet 
of  wood  per  year,  so  that  pulp  mills  and  saw  mills  have  long  be- 
come permanent  institutions. 

The  forests  in  this  state  are  largely  planted  with  nursery  stock, 
yet  the  sylvicultural  work  of  planting,  sowing,  etc.,  all  told, 
amounts,  on  an  average  for  the  entire  woods,   to  10  cents  per 
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acre  a  year.     This  som  is  only  6  per  cent,  of  the  total  forest 
expensee,  which  include  all  logging  operations. 

We  can  not  here  consider  whether  all  these  efforts  will  pay 
as  long  as  the  land  is  held  by  private  owners  whose  fortunes  are 
only  of  today  and  whose  heirs  will  prefer  to  parcel  the  land  out 
to  inexperienced  settlers.  The  experience  abroad  and  also  in 
this  country  indicates  that  the  state  must  undertake  at  least  the 
most  difficult  and  unprofitable  parts  of  the  work,  and  that  the 
greatest  good  to  the  greatest  number  lies  in  state  ownership  of 
forests.  ITew  York  waited  a  long  time  to  see  private  owners 
manage  rationally  in  its  woods^  but  has  found  itself  compelled 
at  last  to  buy  the  land  and  to  establish  a  forest  organization  to 
keep  its  mountains  from  being  converted  into  desert  brushlands 
and  its  streams  from  being  alternately  dry  branches  and  mud 
torrents.  A  similar  undertaking  in  Wisconsin  would,  at  pres- 
ent, be  greatly  facilitated  by  the  present  conditions  of  owner- 
ship. The  land  is  still  held  in  large  bodies  and  by  men  actively 
engaged  in  a  business  quite  distinct  from  speculation  and  dealing 
in  real  estate,  and  therefore  a  transfer  could  in  most  cases  very 
easily  be  effected  and  at  prices  (25  to  50  cents  per  acre)  which 
would  seem  to  guarantee  financial  success  to  forestry  even  in  the 
backwoods  of  Wisconsin. 

Briefly  stated,  the  present  conditions  are  as  follows: 
The  State  of  Wisconsin,  with  a  population  of  cbout  2  million, 
a  taxable  property  of  about  600  million  dollars,  has  a  home  con- 
sumption of  over  600  million  feet  B.  M.  of  lumber,  besides 
enormous  quantities  of  other  wood  material,  which,  if  imported 
would  cost  the  State  over  25  million  dollars.  Of  its  northern 
half,  a  land  surface  of  over  18  million  acres,  only  7  per  cent. 
i&  cultivated,  the  rest  forming  one  continuous  body  of  forest  and 
wasteland.  From  this  area  there  have  been  cut  during  the  last 
60  years  more  than  85  billion  feet  B.  M.  of  pine  lumber  alone, 
and  the  annual  cut  during  the  past  ten  years  exceeded  3  billion 
feet  on  the  average  per  year. 
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The  industries  exploiting  this  reflonrce  represented  in  1890 
one-sixth  of  the  total  taxable  property  in  the  State,  paid  to  over 
55,000  men  the  sum  of  oyer  15  million  dollars  in  wages,  and 
the  value  of  their  products  was  equal  to  more  than  one-third  the 
entire  output  of  agriculture.  Of  an  original  stand  of  about 
130  billion  feet  of  pine,  about  17  billion  feet  are  left,  besides 
about  12  billion  feet  of  hemlock  and  16  billion  feet  of  hard- 
woods. The  annual  growth,  which  at  present  amounts  to  about 
900  million  feet  and  of  which  only  250  million  is  marketable 
pine  and  over  500  million  feet  hardwoods,  is  largely  balanced  by 
natural  decay  of  the  old,  over-ripe  timber.  In  almost  every 
town  of  this  region  l<^ging  has  been  carried  on  and  over  8  mil- 
lion of  the  17  million  acres  are  '^cut-over''  lands,  largely  burned 
over  and  waste.  The  wooded  area  proper  is  steadily  being  re- 
duced by  logging  and  to  a  smaller  extent  by  clearing. 

At  present  nothing  is  done  either  to  protect  or  restock  the 
denuded  cu^over  lands  of  which  fully  80  pen  cent,  are  now  un- 
productive wasteland  and  probably  will  remain  so  for  a  long 
time.  This  policy  causes  a  continuous  and  ever  growing  loss  to 
the  commonwealth,  which  at  present  amounts  to  about  800  mil- 
lion feet  per  year  of  useful  and  much  needed  material,  besides 
gradually  but  surely  driving  from  the  State  the  industries  which 
have  been  most  conspicuous  in  its  development,  depriving  a  cold 
country  of  a  valuable  factor  in  its  climatic  conditions  and  affect- 
ing detrimentally  the  character  of  the  main  drainage  channels 
of  the  State. 

To  remedy  this  matter  and  stop  the  great  loss,  it  will  be  neces- 
sary to  adopt  active  measures  both  to  protect  and  restock.  Both 
these  processes  are  adaptive  and  may  be  done  with  a  variable  de- 
gree of  thoroughness  and  consequent  outlay. 
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FOREST  CONDITIONS  IN  THE  SEVERAL  COUNTIES. 

AMand. — ^The  nortliem  one-fifth  wa«  formerly  a  pinery  on  red  clay 
■oil  with  a  thin  sprinkling  of  inferior  hardwoods,  some  hemlock  and 
occaaional  cedar  and  even  tamarack  on  the  more  level  areas.  South 
of  this  a  mixed  forest  of  hardwoods,  hemlock,  and  pine  on  gray  loam 
and  clay  lands  stocked  both  slopes  of  the  range  as  well  as  nearly  all 
parts  sonth  of  the  range.  In  places,  especially  along  streams,  pine 
was  predominant,  as  was  also  the  ease  on  the  small  sandy  tract 
along  the  Flambeau  river  in  the  sonthesfit  corner  of  the  county.  The 
pine  tftokber  cUoag  the  lake»  except  ihat  of  the  Indian  reservation,  is 
out  and  the  pine  has  been  culled  from  most  of  the  mixed  forest  and 
is  estimated,  all  told,  at  only  300  milUon  feet.  Small  patches  about 
the  mines  have  been  cut  clean  of  all  timber.  Generally  the  hard- 
woods and  hemlock  are  culled  and  with  a  yield  of  4  M.  per  acre 
■mount  to  about  700  million  feet  of  hemlock  and  900  miillioa  of  hard- 
woods, of  which  bireh  and  basowood  form  fully  60  per  cent.,  while 
oak  is  hardly  of  economic  importance.  Fires  have  injured  Ashland 
county  only  in  the  pinery  along  the  lake  and  thus  even  the  swamps 
are  fairly  well  stocked  with  cedar,  tamarack,  and  some  spruce. 

Bamm. — ^The  northern  one-third,  a  gray  loam  and  gravel  land,  was 
stocked  with  a  mixed  forest  of  pine  and  hardwoods^  the  pine  pvendl* 
Ing,  except  on  the  ridges  of  the  northwestern  part  of  the  county.  In 
the  central  part  on  a  variable  sandy  loam,  was  a  pinery  vrith  a  thin 
mixture  of  hardwoods  and  occasional  better  hardwood  bodies.  (See 
*'8oo*'  Line  from  Cameron  west.)  The  southeastern  one-fifth  of  the 
county  was  sandy  and  bore  ]ack  pine  and  oak  openings.  The  pine 
is  cut,  except  in  the  northern  and  northeastern  towns;  the  hardwoods 
are  culled  and  in  nearly  all  parte  of  the  county  damaged  by  fire.  The 
standing  pine  is  in  isolated  bodies  and  is  estimated  at  ISO  millioii 
feet.  The  seattoing  bodies  of  better  hardwoods  are  believed  to  r^re* 
sent  a  stand  of  about  250  million  feet  in  which  oak,  basswood,  birch, 
and  maple  enter  in  nearly  equal  proportions.  The  few  swamps  of 
this  county  are  reported  bare  of  merchantable  timber  in  larger  quan- 
tities. Large  tracts  of  cut-over  and  burned  land  occur  in  nearly  all 
parts. 

Ba/frtield.—X  belt  of  red  clay,  6  to  10  miles  wide,  skirting  the  lake,  is 
pinery  with  a  light  mixture  of  scrubby  hardwoods  and  some  hemlock. 
The  southeastern  one-third,  occupied  by  the  basins  of  the  Nemakagon 
and  White  rivers,  is  a  mixed  forest  of  pine,   hardwood,  and  hemlock 
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<m  a  gravelly  gmy  loam;  and  the  central  and  western  part,  a  broad 
belt  extending  from  T.  50,  B.  W.  southweat  into  Douglas  county, 
is  a  sandy  jack  pine  and  Norway  pinery,  with  considerable  white 
pine  in  places.  The  timber  along  the  lake,  except  that  of  the  Bed 
Clifl  reservation,  is  generally  cut;  it  is  also  heayily  cut  into  on  White 
and  Nemakagon  rivers  and  along  the  Northern  Pacific  Bailway.  The 
present  stand  of  pine  is  about  3,000  milUon  feet,  of  which  a  large  part 
falls  to  the  regular  pinery  lands.  In  addition,  there  are  about  400 
million  feet  of  hemlock  and  an  equal  amount  of  hardwoods,  most  of 
which  is  birch,  basswood,  and  maple;  the  oak,  though  abundant  as 
scrub  wood,  being  scarcely  represented  as  a  real  timber  tree. 

On  some  of  the  ^^barrens*'  or  jack  pine  and  bare  sandy  lands,  no 
timber  existed  when  logging  began,  but  there  is  evidence  that  in  for- 
mer  times  they,  too,  were  covered  by  a  forest  of  larger  timber. 

The  numerous  avramps  of  the  southeastern  part  of  this  county  are 
fairly  well  stocked  with  both  cedar  and  tamarack  and  also  some 
apruce.  The  swamps  of  the  estuaries  along  the  lake  are  generally  cov- 
ered by  heavy  growth  of  cedar.  Bare  wastes  of  great  extent  occur  in 
all  localities  where  pine  logging  has  been  going  on. 

BwmetL—Neealj  the  entire  county  is  a  sandy  jack  pine  and  Norway 
pinery,  dotted  with  regular  "barrens*'  and  island  patches  of  better 
loam  laads.  In  the  northwest  comer,  north  of  the  St.  Croix  river, 
is  a  tract  of  gray  loam  lands  stocked  originally  with  pine,  lightly 
mixed  with  hardwoods.  Along  the  south  line  of  the  county  extendc 
a  body  of  loam  lands  covered  in  part  by  heavy  and  almost  pure 
atands  of  hardwoods,  only  the  sandy  depressions  bearing  pine.  The 
pine  in  thia  county  is  largely  cut,  the  little  hardwood  damaged  by 
iire  and  only  jack  pine  occurs  in  extensive  woods.  The  scattering 
pine  Is  estimated  at  about  200  million  feet  and  about  200  million  feet 
of  hardwoods  are  believed  to  occur  in  this  county,  besides  some  300 
million  feet  of  jack  pine,  which  sooner  or  later  must  become  of  value. 
The  swampa  are  largely  bare  or  else  covered  by  a  light  growth  of 
tamarack.  A  large  part  of  this  county  is  positively  bare  land,  being 
-devoid  of  any  forest  cover. 

Chippewa, — ^The  southwestern  and  south  central  one-fifth  of  the 
county  i^  oak  openings  and  prairie  (extensively  settled)  in  its  west- 
ern, and  jack  pine  woods  in  its  eastern  part;  the  remaining  four-fifths 
of  the  county  are  forest.  Of  this,  the  part  east  of  the  Chippewa 
river  and  small  tracts  along  the  river  on  the  west  side,  are  covered 
by  a  mixed  forest  in  which  hemlock  and  birch  are  abundant,  except 
on  the  southeastern  part  of  the  county,  where  the  birch  and  hem- 
lock forest  merges  into  an  oak  forest.  In  the  timbered  part  of  the 
oounty  west  of  the  river  the  hemlock  is  missing  and  birch  much  lest 
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common.  Though  the  pine  has  been  cut  in  all  parts  of  this  large 
county,  there  is  still  a  considerable  amount  scattered  and  in  isolated 
bodies  which  is  estimated  at  about  500  million  feet.  The  hardwood» 
have  been  cut  into  in  the  southeastern  and  also  in  the  northwestern 
part  and  large  tracts  have  suffered  heavily  from  the  fires  of  the  large 
pine  slashings  follovnng  all  the  streams;  the  hemlock  has  been  cut 
but  little,  but  Hke  the  hardwoods,  has  been  damaged  by  fire.  The 
standing  hardwood  and  hemlock  yield  about  5  M.  per  acre,  the  yield 
in  the  pure  hardwoods  of  the  western  part  being  lighter.  About 
800  million  feet  of  hemlock  and  about  1,100  million  hardwoods  are  be- 
lieved to  exist  in  this  county.  In  the  hardwoods  in  the  western  and 
also  the  southeastern  woods  the  oak  is  predominant,  but  on  the  whole 
forms  little  over  10  per  cent.,  while  basswood  and  birch  form  over 
half  the  total  supply. 

The  swamps,  extensive  only  in  the  northeastern  part  of  the  county, 
have  been  much  run  over  by  fireft  and  are,  therefore,  very  poorly 
stocked.  Large  areas  of  burned-over  wastes  occur  along  all  the 
streams. 

Clark, — The  greater  part  is  a  level  loam  land  area,  formerly  cov- 
ered by  a  forest  of  hardwoods,  mixed  with  a  remarkably  heavy  stand 
of  large  white  pine.  Hemlock  occurs  only  in  the  northeastern  por- 
tion. The  western  and  southern  part  is  invaded  by  the  sandy  area 
covering  Jackson  and  Eau  Claire  counties,  and  was  formerly  covered 
by  a  pine  forest  vdthout  hardwoods.  The  pine  has  nearly  all  been 
cut  and  was  sawed  at  La  Crosse  and  Eau  Claire,  and  only  about  20^ 
million  are  believed  to  be  still  standing.  The  hardwoods  are  culled 
especially  for  oak  and  have  suffered  from  fires.  The  remaining  sup- 
ply is  estimated  at  only  about  650  million  feet,  of  which  oak  is  still 
nearly  30  per  cent.,  the  remainder  being  chiefly  basswood  and  elm. 
Clark  county  has  few  swamps  and  these  are  poorly  stocked. 

The  greater  part  of  the  county  today  is  still  covered  by  culled  hard- 
woods, much  of  it  is  se'ttled  and  only  the  sandy  pinery  presents  tracts 
of  bare  waste  many  miles  in  extent. 

DouglM. — The  northern  one-third  of  this  county  is  red  clay  land 
vnth  pinery  in  which  is  found  an  unusual  mixture  for  this  State  of 
pine  (chiefly  white  pine),  white  and  yellow  birch,  and  other  hard- 
woods commonly  vidth  more  or  less  cedar  and  tamarack.  South  of 
this  and  extending  south  to  the  St.  Cr<^x  river  and  east  to  the  Brule 
river  is  a  similar  forest  of  pine  veith  a  somewhat  heavier  mixture  of 
hardwoods,  heaviest  on  the  range,  growing  on  gray  loam  land.  The 
southeastern  part,  south  and  east  of  the  St.  Croix,  is  a  sandy  ]ack 
pine  and  Norway  pinery  with  large  Jack  pine  woods  following  the 
river  into  Burnett  county.    The  pine  has  been  cut  along  the  lake  and 
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also  along  the  St.  Croix  riyer  and  the  railways,  but  there  is  still  a 
great  deal  of  standing  timber  in  large  and  small  bodies,  estimated  to 
cut  about  3,500  million  feet.  Vhe  hardwoods  have  been  little  invaded, 
but  sinee  they  form  here  but  a  secondary  mixture,  they  are  largely 
Idlled  by  fire  when  the  pine  slashings  are  burned,  as  is  well  illustrated 
by  the  country  about,  and  south  of  Superior.  On  Maple  Bidge  con- 
siderable hardwood  is  cut,  and  strangely  enough,  oak  forms  often  as 
much  as  25  per  cent,  of  the  yield.  Scattering  as  they  are,  the  hard* 
woods  are  still  belieyed  to  be  about  700  million  feet. 

Dmtm. — Of  the  sandy  eastern  half  the  northern  portion  is  Jack  pine 
"woods  and  openings,  the  rest  oak  openings  with  real  prairies.  Of 
the  western  half  the  clay  and  loam  land  ridges  were  covered  with  al- 
most pure  hardwoods  and  the  more  sandy  valleys  were  stocked  with 
a  mixed  growth  of  large  pine  and  hardwoods,  the  former  often  pre-^ 
vailing.  The  woods  on  Hay  river  partook  of  the  regular  pinery  form 
and  merged  into  the  jack  ^ne  woods  of  the  northeastern  towns.  The 
pine  is  practically  all  cut,  though  the  scattering  patches  still  amount 
to  several  million  feet.  The  hardwoods  are  much  interrupted  by 
clearings,  many  tracts  have  been  culled  and  even  cut  dean.  The  iso- 
lated tracts  of  hardwood,  with  a  yield  of  about  4  M.  per  acre,  are  es- 
timated to  cut  400  million  feet  of  which  oak  is  25  per  cent.,  and  bars- 
wood  and  maple  form  50  per  cent.  The  few  swamps  are  generally 
bare  of  merchantable  material.  Large  areas  of  bare  wasteland  occur 
in  the  jack  pine  district  and  may  be  seen  along  the  railway  between* 
Wheeler  and  Summit.  Many  groves  of  fine  yoimg  white  pine  are  fast 
growing  into  timber  about  Menomonle. 

Florence. — ^The  greater  part  of  this  county  was  a  mixed  forest  of 
pine,  hardwoods,  and  hemlock  on  a  gray  loam,  with  smaller  tracts  of 
regular  pine  land,  especially  along  the  streams,  and  a  larger  tract 
in  the  northeastern  part,  where  even  jack  pine  woods  covered  con- 
siderable ground.  At  present  the  pine  is  largely  cut,  and  only  about 
150  millions  of  feet  are  believed  to  exist  in  this  county.  The  hard- 
woods and  hemlock  have  not  been  cut  except  small  patches  about  th& 
towns,  but  have  been  injured  in  places  by  fire.  With  4  M.  feet  per 
acre  of  both  hardwood  and  hemlock,  the  cut  of  the  latter  is  about 
300  million  feet  and  that  of  the  former  about  400  million  feet,  of 
which  basswood,  birch,  and  maple  form  75  per  cent.,  while  oak 
scarcely  occurs.  The  swamps  are  generally  covered  and  swell  the  en* 
tire  cut  of  timber  by  over  100  million  feet.  Burned  areas  occur  in 
every  town  of  the  county,  occupying  20  per  cent,  of  the  entire  land 
surface.  Here,  as  in  other  counties,  they  form  a  far  greater  propor- 
tion of  the  area  than  is  usually  supposed. 

Forut.— The   northwest   quarter  of   the  county   is  largely   a  flat,. 
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swampy  pinery,  the  rest  is  a  forest  of  mixed  hardwood,  pine,  and  hem* 
lock,  gpenerally  on  gravelly  gray  loam.  This  mixed  forest  is  inter- 
nipted  and  dotted  with  numerous  bodies  of  pine  lands,  where  the 
liemlock  and  hardwood  almost  disappear.  The  pine  is  mostly  cut.  It 
is  claimed  that  about  500  million  feet  are  still  standing.  The  hardwoods 
and  hemlock  are  uncuUed  and  but  little  hurt  by  fires  except  about  the 
pine  slashings.  With  4  M.  feet  per  acre  of  well  stocked  woods  there 
4U'e  about  600  million  feet  of  hemlock  and  1,000  million  feet  of 
hardwoods,  of  which  birch  and  basswood  form  about  00  per  cent.  As 
in  the  neighboring  counties,  a  little  red  oak  occurs  in  Forest,  but  is 
thinly  scattered  over  the  entire  county  and  would  hardly  form  more 
than  2  per  cent,  of  the  cut.  Many  of  the  swamps  are  open  bogs,  the 
rest  are  generally  stocked  and  the  swamp  timber,  cedar,  tamarack, 
And  spruce,  amount  to  fully  300  million  feet.  Nearly  all  pine  slash- 
ings are  burned  bare,  so  that  a  considerable  amount  of  waste  land 
occurs. 

Inm. — ^The  southern  one-fourth  is  a  flat,  loamy  sand  pinery  of  the 
«ame  nature  and  continuous  with  that  of  Vilas  and  the  northeast  cor* 
ner  of  Price  counties.  The  rest  is  a  loam  and  clay  area  with  a  mixed 
forest  of  hardwoods,  pine,  and  hemlock.  On  the  range  the  hardwoods 
and  hemlock  predominate  and  pine  is  scattering,  otherwise  the  pine 
forms  a  heavy  mixture  everywhere.  The  numerous  sviramps,  eepe- 
•cially  abundant  in  the  southern  half  of  the  county,  are  generally 
stocked  with  cedar,  tamarack,  and  some  spruce,  and  these  woods  also 
invade  more  or  less  the  low,  flat  portions  of  the  ordinary  woods, 
which  are  not  really  swamp.  At  present  the  pine  is  cut  from  parts 
of  all  townships,  some  of  them  being  pretty  well  cleaned  out,  and  the 
standing  pine  timber  is  estimated  at  only  about  400  million  feet. 
The  hardwoods  and  hemlock  have  been  cut  clean  on  a  small  area  aboui 
the  mines,  but  otherwise  remain  uncuUed  and  not  badly  hurt  by  Are. 
The  standing  hemlock  is  estimated  at  about  350  million  feet,  and  the 
hardwoods  at  about  the  same.  Of  these  birch,  basswood,  and  maple 
predominate. 

JciekBon. — ^The  western  half  is  a  sandy  loam  district  almost  entirely, 
occupied  by  oak  openings,  mixed  with  some  tracts  of  better  soil  with 
bodies  of  better  hardwood  timber.  The  eastern  half  is  a  level,  sandy 
pinery  with  many  swamps  and  no  hardwood  timber.  This  area  fur- 
nished considerable  pine,  but  is  now  largely  cut  and  burned  over,  and 
only  about  100  million  feet  of  pine  is  claimed  to  be  standing.  Nu« 
merous  small  and  large  bodies  of  young  sapling  pine  and  also  of  jack 
pine  interrupt  the  extensive  bare  wastes.  The  swamps  which  are 
generally  bare  of  merchantable  material,  were  formerly  stocked 
^^liefly  with  tamarack,  but  have  been  cleaned  out  by  repeated  flres. 


Digitized  by  LjOOQIC 


CONDITIONS  IN  COUNTIES.  61 

Langlade. — This  county  is  covered  by  s  continuous  mixed  forest  of 
hardwoods  and  hemlock  in  which  pine  occurred  both  scattered  and 
in  denser  bodies  in  patches  and  belts,  which  unlike  those  of  Mara- 
thon county,  do  not  alvrays  follow  the  drainage  courses.  The  pine  is 
practically  cut,  though  the  scattered  material  is  still  estimated  at 
about  150  million  feet.  The  hardwoods  are  dense  and  heavy;  their 
cutting  has  hardly  begun,  and  fire  has  injured  them  but  little,  nor  is 
it  likely  to  do  so  in  the  future.  The  standing  hemlock  amounts  to 
about  1,000  million  feet,  the  hardwoods  to  1,100  million  feet.  Birch, 
basswood,  and  elm  in  nearly  equal  proportions  form  about  80  per 
cent,  of  the  hardwood,  followed  by  maple  and  ash,  and  a  very  small 
quantity  of  oak.  The  swamps  are  generally  stocked  with  cedar, 
tamarack,  and  some  spruce.  Larger  bare  areas  occur  along  the  Wolf 
river,  and  include  in  all  parts  only  the  pine  slashings. 

Lincoln.— A  mixed  forest  of  hardwoods,  hemlock,  and  pine  covers 
the  clay  and  loam  lands,  or  about  80  per  cent,  of  this  cotmty.  A 
small  strip  along  the  Wisconsin  river  and  a  broad  V  shaped  tract 
spreading  northward  from  below  the  junction  of  the  Tomahawk  and 
Wisconsin  rivers  are  sandy  pinery.  The  pine  is  geniierally  cut,  only 
about  100  million  being  in  larger  bodies,  but  there  is  a  great  deal  of 
scattered  pine  which  vnll  bring  up  the  total  cut  to  at  least  250  million 
feet.  The  hardwoods  are  as  yet  unculled,  have  suffered  little  injury 
from  lire,  and  with  the  hemlock  will  cut  6  M.  feet  per  acre  of  all  well 
stocked  land.  This  means  a  total  cut  of  about  1,000  million  feet  of 
hemlock  and  an  equal  amount  of  hardwoods,  in  which  birch,  bass- 
wood  and  elm  represent  about  70  per  cent.,  oak  only  about  3  to  6  pec 
cent.  The  swamps  are  largely  stocked  with  both  cedar  and  tamarack 
and  a  little  spruce,  but  many  of  them  have  been  burned  into  or  were 
entirely  cleaned  out.  Cut-over,  burned,  or  bare  lands  exist  wherever 
pine  was  dense  and  in  the  aggregate  amount  to  many  thousand  acres 
of  the  very  kind  of  land  least  desirable  for  farming. 

Marath<m, — This  county  was  a  continuous  mixed  forest  of  pine,  hard- 
woods, and  hemlock,  except  the  narrow  border  along  the  largei 
streams  where  pine  prevailed.  The  pine  is  nearly  all  cut;  the  pres- 
ent stand  is  estimated  at  about  200  million  feet,  much  of  which  is 
thinly  scattered  through  parts  of  the  mixed  forest.  The  forest  oi 
hardwoods  and  hemlock  has  been  heavily  cut  into  for  more  than  ten 
years;  it  is  interrupted  by  large  clearings,  but  has  not  been  injured 
much  by  fire.  The  standing  hemlock  is  estimated  at  about  1,500  mil- 
lion feet,  the  hardwoods  at  about  the  same  amount.  Of  the  latter, 
birch  and  basswood  in  nearly  equal  amounts,  form  60  per  cent.,  elm 
80  per  cent.,  and  oak  only  about  5  per  cent. 
Marathon  has  little  swamp,  most  pine  slashings  have  been  burnt 
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•OTer  and  since  so  much  good  land  exists  all  about,  they  are  generally 
wastes.  Many  groTes  of  young  white  and  Norway  pine  may  be  seen 
along  the  Wisconsin  riyer.  Though  well  settled  and  stocked  with 
hardwoods  which  do  not  encourage  fires,  even  this  county  in  the  dry 
season  of  1894  suffered  considerably  from  fires,  a  fact  which  empha* 
«izes  the  need  of  organization  for  their  prevention. 

Marinettc—The  greater  part  of  this  county  is  a  pinery.  Its  terri- 
tory is  slightly  invaded  by  the  mixed  forest  of  Florence  and  Forest 
counties  along  the  county  line.  Isolated  bodies  of  pine  slightly  mixed 
with  hardwood  and  hemlock  are  scattered  in  parts  of  the  pinery,  par- 
ticularly in  the  towns  along  the  Menominee  river.  Formerly,  a 
heavy  stand  of  pine  mixed  veith  hardwoods  occupied  the  part  next  to 
•Green  Bay.  This  latter  area  was  burnt  over  during  the  Peshtigo  fire 
of  1871  and  is  now  bare  or  brush  land  with  some  settlement.  Pine 
has  been  cut  in  every  town  in  the  county;  the  present  stand  is  esti- 
mated at  about  1,500  million  feet.  The  light  mixture  of  hardwood 
4ind  hemlock  is  largely  fire-killed  wherever  the  pine  has  been  cut;, 
the  green  timber  remaining  is  estimated  at  nearly  500  million  feet, 
half  of  which  is  hemlock.  Of  the  hardwoods,  maple,  birch,  and  bass- 
wood  predominate,  oak  as  timber  being  very  scarce.  In  the  brushland 
along  the  Bay,  the  white  cedar  is  disputing  the  ground  with  poplar 
and  white  birch.  Extensive  tracts  of  jack  pine  occur  in  the  central 
and  southwestern  part.  Large  burned-over  wastes  exist  in  all  parts 
'Of  the  county. 

Oconto. — Over  nearly  half  of  this  county  next  to  Green  Bay,  the 
variable  sandy  loam  land  was  covered  by  a  heavy  forest  of  pine,  mixed 
with  hemlock  and  hardwoods.  The  central  part  of  the  county  is  a 
4Bandy  belt  of  pinery  land,  continuous  with  the  sandy  pinery  of  Mari- 
nette and  Shawano  counties.  The  loam  and  clay  lands  of  the  north- 
•em  one-fourth  was  stocked  with  a  heavy  mixed  forest  of  hardwoods 
and  hemlock,  with  pine  either  scattering  or  in  small  bodies.  At  pres- 
ent the  lower  part  of  the  county  is  cut  over,  much  of  it  bare  and  a 
large  part  settled.  The  pine  is  cut  in  nearly  all  parts,  and  only  65  to 
75  million  feet  are  claimed  to  be  standing.  The  hardwood  forest,  in 
which  the  beech  is  conspicuous  only  on  the  lower  sandy  loam  lands, 
still  covers  a  quarter  of  the  county  and  is  estimated  to  cut  about  500 
million  feet  of  hemlock  and  400  million  of  hardwoods,  principally 
birch,  basswood,  elm,  and  maple,  considerable  ash  and  little  oak.  The 
swamps  of  the  lower  part  are  burned  over  and  extensively  drained 
and  utilized.  Those  of  the  north  half  are  generally  stocked,  the  cedar 
prevailing.  Fine  groves  of  young  white  pine  are  abundant  in  the 
•.southern  towns. 

Oneida. — ^Almost  the  entire  county  is  a  loamy  sand  pinery,  in  which 
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^rood  liardwooda  and  hemlock  are  practically  wanting.  A  few  iso- 
lated island-like  bodies  of  mixed  forest  on  heayier  soil,  a  small  tract 
in  the  southwestern  and  larger  ones  in  the  southeastern  part  of  the 
4M>untjr  disturb  the  general  uniformity.  The  pine  has  been  cut  along 
nearly  all  streams  and  railways,  and  the  remaining  timber  occurs  in 
interrupted  stands  and  is  estimated  at  1,200  million  feet,  of  which 
a  considerable  part  is  red  (Norway)  pine.  Of  about  60  million  feet  of 
hardwoods  40  belong  to  birch  and  basswood,  the  rest  being  elm  and 
maple  and  very  little  oak.  The  hemlock  is  believed  to  cut  about  20 
million  feet  and  is  too  scattering  to  be  considered  at  present.  The 
numerous  swamps,  formerly  stocked  with  tamarack,  cedar,  and  some 
^mce  have  suffered  much  from  fires.  Large  tracts  of  burned  over 
and  bare  land  occur  in  all  parts  of  the  county  and  of  the  numerous 
pine  thickets,  which  occupy  thousands  of  acres,  a  great  many  have 
been  injured  and  killed  by  fire. 

PoZI;.— The  northwestern  comer  from  Wolf  creek  to  the  St.  Croix 
river  is  sandy  jack  pine  woods,  which  continue  into  Burnett  county. 
The  remainder  of  the  northern  half  is  generally  a  hardwood  forest, 
quite  pure  on  many  of  the  ridges,  mixed  and  often  entirely  displaced 
by  pine  in  the  sandier  depressions  and  valleys.  The  southeastern 
portion,  about  two  tiers  of  towns  along  the  east  line  from  the  south- 
em  boundary  northward,  was  pinery  with  light  mixture  of  hardwoods 
and  better  bodies  of  hardwoods  in  places  and  the  southwestern  por- 
tion was  jack  pine  and  oak  openings.  The  pine  is  mostly  cut,  the 
standing  timber  is  in  isolated  bodies  and  is  estimated  at  about  240 
million  feet.  The  hardwoods  have  been  extensively  culled  except  in 
the  northern  townships,  where  a  stand  of  about  600  million  feet  is  be- 
lieved to  esst.  Of  this,  oak  and  basswood  form  over  half,  while 
birch  is  comparatively  scarce.  Polk  county  has  few  swamps  and  no 
large  quantities  of  onerchantable  timber  are  claimed  for  these.  Cedar 
is  practically  wanting.  The  jack  pine  woods  are  qidte  extensive  and 
will  yield  a  heavy  cut.  Bare  areas  are  common  here  as  in  other  coun- 
ties. A  few  of  these  tracts  are  stocked  with  fair-sized  p'^plar  which 
on  this  sandy  loam  seems  to  thrive  better  than  elsewhere. 

Portage. — ^The  southeast  quarter  is  oak  openings  with  groves  of  jack 
pine,  especially  in  the  western  part.  The  southwest  quarter  is  jack 
pine  woods  and  in  the  southern  portion,  a  marshy  pinery,  forming 
part  of  what  is  known  as  "Little  Pinery."  The  northern  half, 
'broader  on  the  western  side,  was  a  mixed  forest  of  pine  and  hard- 
'woods  with  some  hemlock  and  was  divided  by  strips  of  sandy  pinery 
following  up  the  Wisconsin  and  Plover  rivers.  Both  pine  and  hard- 
woods have  been  cut  in  nearly  all  parts  of  the  county,  but  there  are 
«till  smaller  bodies  and  scattering  timber  to  warrant  an  estimate  of 
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about  20  million  feet  of  pine.  The  hardwoods  and  hemlock,  of  which 
■ome  fair  bodies  exist  in  the  northeastern  part  of  the  county,  repre> 
sent  a  probable  cut  of  about  150  million  feet,  50  million  being  hem- 
lock. The  extensive  and  dense  jack  pine  woods  will  furnish  150  mil- 
lion feet  of  material  for  special  mills  or  pulp  purposes  and  will  in 
time  prove  of  considerable  value.  The  swamps,  of  which  a  large  part 
are  open  marshes,  have  suffered  much  from  fires.  Large  tracts  of 
burned-over  pine  slashings  exist  throughout  the  limibered  part  of 
the  county. 

Price. — The  entire  county  is  a  level  loam  and  gravelly  loam  area» 
formerly  stocked  with  a  most  luxuriant  mixed  forest  in  which  pine 
prevailed  in  most  of  the  northern  two-thirds  and  the  hemlock  and 
hardwoods  in  the  rest.  On  a  few  small  tracts,  in  the  central  part  and 
also  along  the  Oneida  county  line  in  the  northeastern  part  of  the 
county,  a  sandier  soil  gave  rise  to  almost  a  pure  pinery  form  of  for- 
est. The  pine  is  generally  cut,  about  200  million  are  still  believed  to 
be  standing,  but  most  of  this  is  scattered  and  not  over  half  in  large 
bodies.  The  hemlock  and  hardwoods  in  over  half  the  county  have  suf- 
fered seriously  from  fires  and  over  large  areas  have  been  killed  en- 
tirely. Nevertheless,  there  are  nearly  400,000  acres  of  wooded  area 
which  are  believed  to  cut  about  1,000  million  hemlock  and  900  million 
feet  of  hardwoods.  In  the  latter  birch  and  basswood  predominate, 
with  elm  and  maple  following,  both  ash  and  oak  being  rather  scarce. 
Price  is  one  of  the  counties  in  which  fire  has  done  unusual  damage 
and  large  areas  are  entirely  bare  of  growing  material. 

Sawyer. — A  mixed  forest  of  pine  and  hardwoods  covered  nearly  the 
entire  county,  with  two  exceptions:  (1)  a  narrow  strip  along  the  Ne- 
makagon  river,  which  is  a  sandy  jack  pine  and  Norway  pinery,  and 
(2)  a  sandy  pinery  area  south  of  Bound  lake  from  the  Chippewa  river 
west  to  the  county  line.  The  pine  prevailed  over  considerable  areas, 
as  for  instance,  along  the  Chippewa  and  Flambeau  rivers.  Hemlock 
occurs  only  in  the  eastern  two-thirds  of  the  county,  being  rarely 
found  west  of  Bange  7  W.  The  pine  has  been  cut  along  all  the  rivers, 
but  there  still  remain  large  quantities,  which  in  the  aggregate  are 
estimated  at  2,000  million  feet,  and  by  some  even  at  2,500  million. 
The  hemlock  amounts  to  about  900  million  feet,  the  hardwoods  1,000 
million,  of  which  fully  half  is  birch  and  basswood  and  about  10  per 
cent,  is  oak,  this  latter  occurring  chiefly  in  the  western  part  of  the 
county.  The  12  per  cent,  of  swamp  lands  are  generally  stocked, 
though  extensive  damage  has  been  done  to  those  in  the  vicinity  of 
pine  slashings.  Even  in  this  county  v«rith  little  settlement,  large 
tracts  of  burned-over  lands  are  abundant. 

Bhawano.^The  southeastern  one-third  of  this  county,  with  its  Tar- 
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iaUe  sandy  lo«m  and  loamy  boU,  was  formerly  covered  by  a  heavy 
forest  of  pme,  mixed  with  hardwoods.  The  country  about  lake 
Shawano  and  north  to  the  county  line  is  part  of  the  sandy  pinery 
district  extending  from  this  lake  to  the  Henominee  river.  The  north- 
western two-thirds  was  a  very  heavy  mixed  forest  of  hemlock*  hard- 
woods, and  pine,  growing*  on  a  good,  though  in  places  very  strong, 
loam  and  slay  soil.  The  pine  is  cut,  except  in  the  Indian  reservation, 
where  about  300  million  are  still  claimed  to  be  standing.  The  hard- 
woods and  hemlock  of  the  southeastern  two-thirds  are  culled  and 
damaged  by  fire,  those  of  the  northwestern  half  are  largely  intact 
and  have  been  injured  only  about  pine  slashings.  The  standing  hem- 
lock is  estimated  at  650  million  feet,  the  hardwoods  at  700  million 
feet,  of  which  basswood,  elm,  and  maple  form  over  70  per  cent.,  and 
oak  only  about  5  per  cent.  Beech  occurs  only  in  the  sandy  loam  area. 
About  30,000  acres  around  Shawano  are  covered  by  young  white  pine, 
which  has  sprung  up  on  old  slashings.  The  extensive  swamps  of  the 
southeastern  part  have  all  been  burned  over  and  many  of  them  are 
being  drained  and  cultivated.  Those  of  the  western  half  are  largely 
stocked  with  cedar  and  tamarack,  some  of  them  yielding  15  M.  feet 
and  more  per  acre.  Bare  *'stump  prairies'*  occur  in  all  parts  of  the 
county. 

Taylor, — ^A  continuous  mixed  foreat  of  i>ine,  hardwoods,  and  hem- 
lock on  a  loam  and  clay  soil  covered  the  entire  county.  The  pine 
has  been  cut,  except  small  bodies  in  the  southwestern  part,  estimated 
at  about  200  million  feet.  The  remaining  forest  still  covers  more 
tluuL  00  per  cent,  of  all  vdld  lands  and  cuts  about  6  M.  feet  per  acre. 
In  this  forest  hemlock  is  predominant^  is  estimated  at  about  1,500 
million  feet,  some  good  authorities  placing  it  at  2,000  million.  The 
hardwoods  are  about  1,000  million  feet,  of  which  70  per  cent,  is  bass- 
wood  and  birch  and  only  about  6  per  cent.  oak.  The  few  swamps  are 
generally  stocked  vrith  tamarack,  some  cedar,  and  spruce.  Owing  to 
the  dense,  damp  cover  of  the  mixed  f orest»  Taylor  county  has  suffered 
but  little  from  fires,  and  large  areas  of  bare  land  are  comparatively 


TIZiM.— A  mixed  forest  stocks  the  better  soils  of  the  northern  one- 
fourth  of  this  county  and  forms  some  scattering  island  tracts;  else- 
where it  is  an  uninterrupted  pinery,  principally  white  pine  with  lit- 
tle Norway  and  hardly  any  Jack  pine,  covering  a  rather  level,  loamy 
sand  area  dotted  with  several  hundred  lakes  and  numerous  swamps. 
Pine  lumbering  began  here  along  the  Wisconsin  river  over  25  years 
ago,  and  the  pine  forest  is  cut  into  in  almost  every  township.  The 
present  stand  of  pine  is  estimated  at  about  1,500  million  feet,  besides 
many  thousand  acres  of  sapling  and  young  pine  thickets  which  might 
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soon  grow  into  valuable  timber.  Both  hardwoods  and  hemlock  are 
rather  scattered,  except  in  some  of  the  northern  townships.  The 
hemlock  is  estimated  at  about  120  million  feet,  the  hardwoods,  of 
which  birch,  basswood,  and  maple  are  most  important,  at  about  150 
million  feet.  Of  the  numerous  swamps,  which  form  over  20  per  cent, 
of  the  area,  many  are  open  bogs,  but  the  majority  are  stocked  with 
tamarack  and  cedar  and  some  spruce.  Both  in  the  swamps  and  the 
pine  slashings,  fire  has  made  much  havoc  and  large  areas  of  bare 
stump  vTastes  are  abundant. 

WiUiMmm, — ^An  area  involving  the  northwestern  one-third  of  the 
county  with  broad  arms  extending  up  the  Totogatic  and  Nemakagon 
rivers  into  Bayfield  and  Sawyer  counties  is  sandy  pinery  with  large 
bodies  of  jack  and  Norway  pine,  mixed  with  white  pine.  The  rest  of 
the  coTmty,  generally  a  gravelly  gray  loam,  was  covered  by  a  heavy 
stand  of  white  pine  with  a  light  mixture  of  hardwoods.  The  pine  is 
generally  cut;  the  present  stand  is  estimated  at  350  million  feet.  The 
hardwoods  have  suffered  much  from  fires  and  over  large  areas  not  a 
foot  of  merchantable  timber  exists.  The  standing  hardwoods  are 
estimated  at  about  220  million  feet,  of  which  basswood,  maple,  oak, 
and  birch  in  nearly  equal  proportions  form  about  80  per  cent.  Ko 
swamp  woods  of  commercial  importance  are  reported.  Some  of  the 
largest  areas  of  perfectly  bare,  cut,  and  burned-over  lands  in  Wiscon- 
sin occur  in  this  county. 

Wood. — ^The  north  half  of  this  county  was  covered  by  a  heavy  stand 
of  white  pine  with  a  mixture  of  hardwoods,  to  which  was  added  a 
sprinkling  of  hemlock  along  the  north  line.  South  of  this  the  sandy 
loam  and  loamy  sand  area  was  covered  by  regular  pinery,  which  gave 
way  on  the  west  side  of  the  river  to  an  extensive  open  marsh  and 
cranberry  bog  dotted  by  sandy,  pine  covered  islands.  Extensive 
bodies  of  jack  pine  follow  up  the  river  into  Portage  county. 

The  pine  has  nearly  all  been  cut,  and  the  100  million  feet  of  stand- 
ing pine  assumed  for  this  county  are  mostly  scattering  and  sapling 
material.  The  hardwoods  have  long  been  culled  in  all  parts  of  the 
county  and  not  over  12  per  cent,  of  the  area,  with  a  probable  stand  of 
of  about  300  million  feet  is  believed  to  remain.  Of  this  hardwood  over 
half  is  oak  and  basswood.  The  hemlock  is  confined  to  the  northern 
towns  and  will  cut  about  50  million  feet.  Aside  from  the  large  open 
swamp  in  the  southwestern  part,  there  are  comparatively  few  sveamps 
in  this  county.  Large  cut-over  and  burned-over  areas  are  numerous, 
and  much  land  is  stocked  with  culled  woods  furnishing  ample  fuel,  etc. 
Some  fine  groves  of  young  white  pine  may  be  seen  along  the  Green 
Bay  and  Western  B.  B.  near  Grand  Bapids. 
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LIST  OP  PRINCIPAL   FOREST   TREES  OP   NORTH 

WISCONSIN. 

(Arranged  according  to  economic  importance  in  the  region.) 

L    CONIFEKS. 

1.     PINES. 

a.  White  pine  (Pimus  9trothis)  occurs  in  all  parts  of  the  territory, 
as  scattering  mixture  in  the  better  hardwood  mixed  forest  of  the 
heavy  soils,  predominant  on  lighter  sandy  and  gravelly  loams  and  as 
pinery  proper  on  the  extensive  loamy  sand  areas.  It  is  the  largest 
and  most  valuable  tree  of  the  region. 

b.  Bed  pine  (Norway  Pine)  (Pinus  reHnosa)  grows  on  all  sandy 
pinery  areas,  scatteringly  in  the  southern,  abundant  in  the  northern 
counties.  It  does  not  mix  with  the  hardwoods  on  clay  land  except 
near  Lake  Superior,  is  generally  mixed  either  with  white  or  jack  pine, 
but  in  places  forms  pure  stands  of  considerable  extent.  In  value  It 
ranks  second  among  the  forest  trees  of  Korth  Wisconsin. 

c  Jack  pine  (Pinu$  divarioaia)  is  a  small  tree,  grows  generally  in 
thickets,  either  pure  or  mixed,  stocks  all  poor  sandy  lands  and  unlike 
the  other  pines,  it  also  occupies  part  of  the  openings.  It  is  of  limited 
economic  value. 

2.     HEMLOCK. 

Hemlock  (Tsuga  canadensis)  grows  on  all  clay  and  loam  lands  of  the 
eastern  half  of  North  Wisconsin;  is  either  mixed  scatteringly  or  evenly 
with  the  hardwoods  or  else  predominates  in  bodies  of  variable  extent. 
The  hemlock  is  a  large  tree,  grows  slowly,  is  easily  killed,  even  by 
mere  exposure,  and  is  not  reproducing  itself  well  in  most  parts  of 
this  region.  It  is  of  greater  economic  value  than  is  generally  be- 
lieved. 

3.     CEDAB. 

Cedar — ^Thls  tree,  commonly  called  white  cedar  or  simply  cedar, 
should  receive  the  name  arborvitsd  (Thuya  ooddentalis)  to  distinguish 
it  from  other  cedars.  It  is  a  medium  sized  tree  of  the  swamps  and 
the  moist  portions  of  the  upland  mixed  forests.  It  occurs  in  most 
counties  and  prevails  in  the  swamps  of  the  Green  Bay  regfion;  a  tree 
of  considerable  value. 
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4.     TAMABACK. 

Tamarack  (Larix  larieina)  is  the  common  swamp  tree  of  North  Wis- 
conBin;  it  forms  dense  groves  of  pure  growth,  mixes  with  arborvita 
and  spmce,  remains  small  in  the  swamps  of  the  "openings,*'  but 
reaches  a  fair  size  (80  to  90  feet  in  height)  in  the  swamps  of  the  for- 
est region  proper;  of  secondary  value. 

5.  SPBX7CE. 

Spruce-— White  spruce,  cat  spruce  {Picea  canadenHs)  and  black 
spruce  (Pioea  mariana)  are  small  shrubby  half  trees  on  the  moss- 
covered  bogs,  and  small  to  medium-sized  trees  on  the  better  timbered 
swamps  and  the  more  humid  portions  of  the  loam  and  gravel  land 
mixed  forests.  No  distinction  of  species  is  made  in  using  the  wood» 
the  logger's  distinction  of  white  and  black  spruce  referring  to  qual- 
ity of  wood  merely.  The  spruce  occurs  in  all  parts  but  is  most 
abundant  in  the  northern  and  eastern  counties. 

6.  BALBAIC. 

Balsam  fir,  commonly  called  balsam  (Alfies  haUamea),  is  a  small 
tree  growing  scattered  in  nearly  all  parts  of  the  mixed  forest. 


n.    BKOAB-LEAVED  TREES  (HARDWOODS). 

1.     BAS8WOOD. 

Basswood  (TUia  americana)  is  a  rather  tall,  long-shafted  tree,  com- 
mon in  all  hardwood  forests;  one  of  the  most  useful  and  best  devel- 
oped. 

2.     BIBCH. 

a.  Yellow  birch  (Betula  lutea)  (also  called  erroneously  "red  birch,'* 
"black  Inrch"  and  "white  birch"  when  in  the  log  to  distinguish  char^ 
acter  of  wood),  is  predominant  in  the  hardwood  forest  within  the 
hemlock  area,  grows  on  all  loam  and  clay  lands,  but  rarely  enters  the 
regular  pinery.  Though  it  is  here  assumed  that  the  birch  generally 
pronounced  yellow  birch  is  truly  the  Betula  lutea^  this  cannot  be  con- 
sidered as  settled,  since  the  imperfect  botanical  distinctions  between 
BeMa  Imta  and  Betula  httea  render  it  difficult,  if  not  impossible,  ta 
distinguish  these  two  species  in  the  field. 

How  far  the  true  sweet  (or  red)  birch  (Betula  lenta)  replaces  the 
yellow  birch  is  as  yet  not  certain.  The  woodsmen  do  not  distinguish, 
except  by  the  wood,  and  thus  their  classification  is  mainly  one  of  qual- 
ity of  timber  and  not  of  species. 

b.  Paper  birch  (Betula  papyrifera)^  commonly  called  white  birch,  is. 
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not  to  be  confounded  with  the  true  white  birch  {Betula  ^apuUfolU) 
which  does  not  seem  to  occur  in  this  reg:ion  and  is  a  much  inferior 
tree.  The  paper  birch  is  the  characteristic  hardwood  tree  of  the 
fresher  sandy  soils,  is  always  small,  grows  best  in  the  northern  coun- 
ties, does  not  thrive  on  the  poorer  sandy  ''barrens,*'  occasionally 
forms  small  thickets,  is  generally  mixed  with  pine  and  along  Green 
Bay  with  arborritse.  Like  aspen,  it  enters  extensively  in  the  brush 
cover  of  many  cut-over  bare  lands,  but  thrives  only  where  consider- 
able sand  is  present  in  the  soil. 

3.     ELK. 

a.  White  elm  (Ulmus  americana)  is  a  tall,  long-shafted  tree  common 
in  all  hardwood  forests. 

b.  Cork  elm  (Ulmut  nteemoBa)^  commonly  called  rock  elm,  replaces 
to  quite  an  extent  the  preceding  species  in  many  localities,  and  prob- 
ably forms  near  30  per  cent,  of  all  elm  of  the  region. 

A  ''bastard"  elm,  with  the  foliage  of  white  elm  and  the  bark  of  cork 
elm,  is  often  noted  by  the  woodsmen. 

c  Slippery  elm  (Ulmus  pubescena)  occurs  sparingly  in  parts  of  this 
region. 

4.     ICAPLE. 

a.  Sug^r  maple  (Acer  taccharum)  is  a  common  tree  Of  all  hardwood 
forests,  and,  to  a  very  considerable  extent  invades  with  aspen  and 
paper  birch  the  regular  pinery.  Among  the  small,  young  growth  of 
most  hardwood  forests  it  predominates  in  number. 

b.  Silver  maple  (Acer  saccharinum)^  often  called  soft  maple,  is  quite 
generally  distributed  throughout  the  mixed  forest,  as  is  also  the 

Bed  maple  (Acer  rubrum).  The  bush  maples,  spiked  and  striped 
maple  (Acer  spicatum  and  Acer  pennsylvanieum)  form  a  considerable 
part  of  the  undergrowth  in  the  mixed  woods  of  the  clay  land. 

5.     OAK. 

a.  Bed  oak  (Quercus  rubra)  is  the  common  timber  oak  of  the  region 
and  occurs  in  all  counties,  and  on  both  sandy  and  clay  soils,  but  is 
abundant  only  in  the  western  and  southern  counties,  and  makes  a 
good  tree  only  on  the  heavier  soUs. 

b.  White  oak  (Quercus  alba)  occurs  quite  abundantly  in  the  south- 
ern and  southwestern  counties,  but  is  very  scarce,  in  any  form,  in 
the  greater  part  of  the  region.    This  is  also  true  of  the 

c  Bur  oak  (Quercus  macrocarpa).  In  the  north  central  and  eastern 
parts,  in  the  upper  Wisconsin,  Menominee  and  Peshtigo  basins  the 
scarlet  oak  (Quercus  coccinm)  is  generally  the  only  "scrub  oak";  it  is 
scattered  here  over  extensive  tracts  of  sandy  cut-over  lands  as  a  bushy 
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tree  or  shrub.  The  "scrub  oak**  of  the  openings,  along  the  southern 
and  western  edge  of  the  region  is  formed  of  a  variable  mixture  of  all 
species  of  oak  of  the  territory. 

6.     A8H. 

a.  Black  ash  {Fraxinus  niffra)  and 

b.  White  ash  (Fraxinus  amerUsana),  the  former  by  far  the  more 
common,  are  found  in  every  county,  are  generally  restricted  to  the 
swamps  and  on  the  whole  form  a  very  small  portion  of  these  woods 
either  in  number  of  specimens  or  as  saw  timber. 

7.     ABPBN. 

a.  Aspen  (Papulus  tremuloidea),  very  commonly  called  poplar. 

b.  Large-toothed  aspen  (Populu8  grandidentata)  is  very  common  in 
all  parts  of  north  Wisconsin;  it  is  much  more  conspicuous  on  the 
cut-over  lands  as  brushy  cover,  in  the  sandy  pineries  as  scattered  mix- 
ture, and  also  in  the  mixed  foreibts  of  the  Lake  Superior  region  than 
in  the  better  hardwood  forest,  where  it  forms  but  an  insignificant 
proportion  of  the  merchantable  material. 

Of  the  less  conspicuous  or  less  important  forest  trees  must  be  men- 
tioned: 

Butternut  (Juglana  einerea)  scattered  throughout  the  better  hard- 
wood forest. 

Blue  beech  (Carpinu8  oaroliniana)  and  hop  hornbeam  (09trua  vit- 
ffiniana),  both  of  which  occur  quite  abundantly  in  all  hardwood  for- 
ests without  ever  forming  merchantable  timber. 

Hickory,  chiefly  pignut,  bittemut  and  mockemut  (Hiooria  nUnitnat 
glabra  and  olda)  occur  in  the  southern  districts  and  occasionally  reach 
timber  size. 

Black  cherry  (Prunus  serotina)  rarely  occurs  on  the  better  lands  and 
cannot  be  considered  as  an  important  tree. 
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SCHEDULE  OP  INQUIRIES  ON  FOREST  CONDITIONS 
OP  WISCONSIN;  LINCOLN  COUNTY. 

[Filibert  Both,  1897.] 

[References:  H.  W.  Wright,  John  Woodlock,  Henn.  Bush,  William 
Bradley,  J.  J.  Hoffman,  C.  D.  Clark,  L.  N.  Anaon,  K.  Emerson,  and 
George  Langley.] 

I.     OWinSBSHIP. 

Acrea. 

Total  area 576,000 

Total  area  (Forestry  DiTision)   576,000 

Land  surface  (Forestry  DiTision)   572,000 

Land  surface  (U.  8.  Land  OlBce  Bept.)  581,000 

Land  surface  (chief  geographer,  U.  S.  GeoL  Smrey  in  Cen- 
sus Bui.,  1890)  448,000 

1.  Actual  settlers,  fanners,  etc *49,000 

2.  Private  owners  not  c^ccupying  land. 447,000 

3.  Of  this  is  owned  by  lumbermen  60  per  cent. 

4.  Bailway  companies  (Wisconsin  Central  Bailway)  41.800 

5.  Township  ,     

6.  County    4,005 

7.  State    19,440 

8.  Of  this  in  bodies  over  160  acres  66  per  cent. 

9.  United  States  lands 11,200 

n.    asNKRAL  8UBFAGE  coin>moNS.  Per  cent. 

Acres,  of  total. 

1.  Cultivated  land  •{•9,000 

2.  Forest  and  waste  lands  ..  ^ 553,000  97 

3»  Virgin  forests   345,000  60 

4.  Virgin  forests  in  tracts  of  over  160  acres 345 ,  000  60 

5.  Cut-over  lands  158,000  28 

6.  Swamp 50,000  9 

7.  Lakes  10,000  2 

8.  Land  best  to  be  left  as  forest 145,000 

*The  U.  S.  Census,  1890,  gives  63,481;  the  above  is  figure  of  state  cen- 
sus, 1895. 
•}>I7.  S.  Census  of  1890  givea  this  at  10,500;  the  above  is  State  census. 
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ni.     OONFIGI7RATION  AJTD  WATER  COUBSES. 

1.  Of  total  area,  20  per  cent,  long  slopes;  10  per  cent,  hilly  land; 
S5  per  cent,  rolling;  15  per  cent,  low  fiats. 

Note. — ^No  hills  oTer  300  feet  high;  most  large  hills  hare  long  slopes; 
considerable  *'pot  hole"  land  exists  both  in  loam  and  sand  land  area. 
The  entire  county  is  drained  by  the  Wisconsin  and  its  tributaries* 
the  Prairie,  Pine,  Spirit,  Somo,  Tomahawk,  New  Wood,  and  Copper 
riTors,  all  of  which  furnish  good  driving  facilities. 

nr.     BOIL  AND  DRAINAGE. 

1.  Strong  clay,  20  per  cent,  of  area;  depth,  great;  color,  gray; 
grain,  fine,  mixed  with  gravel  and  large  stones.  Loam,  60  per  cent, 
of  area;  depth,  great;  color,  gray;  grain,  fine,  mixed  with  gravel  and 
large  stones.  Loamy  sand,  20  per  cent,  of  area;  depth,  great;  color» 
reddish  gray;  grain,  medium,  with  little  fine  gravel. 

2.  Good  farm  land,  30  per  cent,  of  area;  drainage,  good.  Medium 
farm  land,  45  per  cent,  of  area;  drainage,  good.  Forest  soils  proper, 
25  per  cent,  of  area;  drainage  good. 

Note. — ^Many  of  the  marshes  make  fine  farm  land. 

1.  Railways  (names),  Chicago,  Milwaukee  and  St.  Paul;  Chicago 
and  Northwestern;  "Soo;"  Wisconsin  and  Chippewa.  MUes,  com- 
plete, 82. 

Y.     FAOHJTIBS  VOR  TRAITSPORTATION. 

2.  Boads  in  good  and  bad  condition,  about  300  miles;  roads  not  yet 
opened,  about  1,500  miles. 

8.  Streams  large  enough  to  float  timber,  over  200  miles;  useable, 
six  months  per  year. 

TI.     WOOD  Iin>n8TRIB8. 

1.  Pine  mills  cut  in  1897,  120,000,000  feet;  saw  little  hemlock  or 
hard  woods. 

2.  Tan  bark,  30,000  cords  hemlock. 

3.  Other  woodworking  establishments: 

Merrill  was  the  head  of  raft  navigation,  and  lumbering  began  as 
early  as  the  fifties. 

In  1895  the  product  of  the  wood  industries  of  Lincoln  were  valued 
at  $2,350,000. 

(To  be  amplifled  by  oensna  staiisrttcs.) 
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m.    MASKET.    (g=U2il]inited;  l^lwlted;  ii;=none  at  alL) 

White  Pine  stumpage,  g;  logs,  g;  lumber,  g;  firewood,  l-n;  mill 
refuse  is  used. 

Norway  stumpage,  g;  logs,  g;  lumber,  g;  firewood,  l-n;  mill  refuse 
is  used. 

Honlock  stnmpage,  1;  logs,  1;  lumber,  1. 

White  Cedar  stumpage,  1;  logs,  g. 

Tamarack  stumpage,  b;  logs,  1-n. 

Oak  stumpage,  1;  logs,  1;  lumber,  g;  firewood,  1. 

Elm  stumpage,  1;  logs,  1;  lumber,  g;  firewood,  1. 

Basswood  sttunpage,  1;  logs,  1;  lumber,  g;  firewood,  L 

Birch  stumpage,  1;  l<^gB,  1;  lumber,  g;  firewood,  1. 

Ash  stumpage,  1;  logs,  1;  lumber,  g;  firewood,  1. 

Maple  stumpage,  1;   logs,  1;  lumber,  g;   firewood,  1. 

Poplar  stumpage,  1;  logs,  1;  lumber,  g;  firewood,  1. 

Chiefly  Birch  and  Maple  is  sold  for  fuel. 

Hemlock  bark,  good;  Oak  bark,  none  to  be  had. 

Note. — Stumpage  of  hemlock  and  hardwoods  has  no  ready  market; 
it  is  sold  for  the  labor  of  clearing,  etc.;  hemlock  stumpage  is  being 
eold  for  bark. purposes  to  a  limited  degree. 

Two  principal  areas  must  be  distinguished: 

(1)  The  level  and  rolling  clay  and  loam  lands  occupying  about  60 
per  cent,  of  the  county,  and  stocked  with  a  mixed  forest  of  hard 
woods,  hemlock,  and  pine.  The  soil  is  generally  a  gray  loam  on  a 
deep  gray  clay  and  loam;  subsoil  more  or  less  mixed  with  grsTel,  and 
some  stone  of  larger  size.  In  places,  as  on  nearing  the  riyers  and 
also  along  the  sandy  area  in  the  northern  part,  the  soil  becomes  a 
sandy  loam,  usually  with  much  gravel,  and  in  other  places,  particu- 
larly the  southwestern  and  western  part,  it  is  a  heavy  loam  and  clay. 
These  differences  in  soil  are  reflected  in  the  forest  cover,  almost  pure 
hard  woods  occupying  the  heaviest  clays  and  most  fertile  loams,  a 
hemlock  forest  stocking  the  lighter  gravelly  loams  and  the  pine  pre- 
dominating on  the  sandy  stretches. 

The  pine  is  cut  from  nearly  all  parts  of  this  area,  but  its  removal 
has  left  the  woods  generally  an  undisturbed,  dense,  unculled,  mixed 
forest  of  hard  wood  and  hemlock,  in  which  the  former  existence  of 
pine  is  hardly  noticed,  since  the  humidity  maintained,  prevented 
both  the  starting  and  running  of  fires. 

Narrow  belts  of  sandy  gravel  and  sand,  along  the  Wisconsin  and 
seme  of  its  tributaries,  formerly  stocked  with  heavy  pine  forests, 
now  all  cut  and  the  slashings  burned  and  largely  waste.  On  somen>f 
these  old  slashings  pine  groves  oi  young  white  pine  may  be  seen. 
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2.  A  level  sandy  pinery  area,  oocnpying  the  northern  part  of  the 
coTinty  east  of  B.  5  E.,  forming  a  broad  V-shaped  body,  rapidly  widen- 
ing from  ifts  apex,  below  Junction  of  Wisconsin  and  Tomahawk  riyers^ 
and  extending  into  Oneida. 

The  soil  and  subsoil  here  is  a  light  loamy  sand  of  great  depth,  me- 
dium grain,  and  generally  a  reddish  gray  color,  snore  or  less  mixedr 
locally,  with  a  fine  grayel.  This  area  was  densely  covered  by  a  forest 
of  white  pine,  with  abpnt  20  per  cent.  Norway,  and,  locally,  some 
jack  pine.  This  is  now  practically  all  cut,  and  repeated  fire  have 
cleared  the  greater  part  of  all  forest  cover,  leaving  the  gronnd  cov- 
ered by  brake,  sweet  fern,  and  bushy  scrub  oak  and  poplar,  neither 
of  which  seems  capable  to  form  a  tree  under  these  conditions.  A 
number  of  fire-damaged  groves  of  sapling  and  small  pine  interrupt 
these  tracts  of  barren  lands. 

Vin.     FOXIEST  GBOWTH. 

A.  Timber  lands,  i.  e.,  from  which  little  or  no  timber  has  been 
taken. 

(a)  Originally:  Mixed  forest,  76  per  cent,  of  area,  in  which  Pine, 
40  per  cent.;  hard  woods,  30  per  cent.;  Hemlock,  30  per  cent.  Pine 
woods,  14  per  cent,  of  area;  swamps,  9  per  cent,  of  area;  lakes  and 
rivers,  2  per  cent,  of  area. 

woods,  14  per  cent,  of  area;  swamps,  9  per  cent,  of  area;  lakes  and 

(b)  At  present: 

1.  Hardwoods: 

Of  these,  proportion  in  mixed  forest- 
Oak,  3  per  cent.,  nearly  all  Bed  Oak;  Elm,  20  per  cent.,  nearly  half 
Bock  Elm;  Ash,  6  per  cent.,  nearly  all  Black  Ash;  Maple,  15  percent.; 
Basswood,  25  per  cent.;  Birch,  30  per  cent.;  White  Birch  and  Poplar^ 
2  per  cent. 

8ize  and  quality  vary  with  the  soil.  Maple  is  very  abundant,  bvt 
much  is  defective.  Hickory,  Blue  Beech,  Hop  Hornbeam,  and  Butter- 
nut occur. 

The  standing  pine  suitable  for  ordinary  logging  is  placed  at  about 
75,000,000  feet.  To  this  must  be  added  large  quantities  of  scattiored 
material  which  is  being  logged,  chiefiy  by  farmers,  in  a  small  way, 
and  which  will  swell  the  total  cut  easily  to  260,000,000  feet  B.  M. 

2.  Mixed  conifers,  with  or  without  hard  woods,  845,000  acres;  srield, 
6,000  feet  per  acre;  Hemlock,  50  per  cent.;  quality,  good;  diameter^ 
18  inches;  height,  85  feet;  hard  woods,  50  per  cent.;  quality,  common; 
diameter,  18  inches;  height,  70  feet;  Hemlock  is  good,  cuts  2^-3  logs 
per  tree,  10  logs  per  1,000  feet;  hard  woods,  short-bodied,  2  logs  per 
tree,  6-8  logs  per  1,000  feet;  White  and  Norway  Pine  mostly  cut. 
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Undergrowth  and  soil  cover:  Hnmus,  not  deep;  mou,  bare.  The 
undergrowth  is  formed  of  young  trees,  Bush  Maple,  Hazel,  Dogwood, 
also  small  Blue  Beech,  Hornbeam,  and  Balsam. 

3.  Swamp  forests,  30,000  acres;  yield,  3  M.  feet,  or  6  cords;  Tamar- 
ack, 50  per  cent.;  height,  80  feet;  diameter,  12  inches;  White  Cedar, 
40  i^er  cent.;  height,  &0  feet;  diameter,  16  inches;  Spruce,  10  per 
cent.;  height,  50  feet;  diameter,  12  inches.  The  swamps  are  gener* 
ally  stocked,  many  hav^  suffered  from  fire,  and  many  have  trees  of 
**a]l  one  size,*'  and  all  too  small  to  use,  so  that  the  yield,  when  large 
areas  are  considered,  is  not  very  great. 

B.  Cut-over  lands,  1.  e.,  where  most  or  all  valuable  timber  has  been 
removed. 

1.  Total,  158,000  acres. 

2.  Tracts  owned  in  quantities  of  over  160  acres. 

3.  Land  not  burned    over,  but  no    merchantable  timber  left, 
100,000  acres. 

4.  Land  burned  over  recently  and  waste,  58,000  acres. 

5.  Land  stocked  with  young  growth  of  Pine,  10,000  acres. 
Of  this— 

White  Pine,  80  per  cent.,  with  Poplar;  Norway,  20  per  cent.,  with 
Poplar;  Birch  and  Poplar  found  on  all  slashings,  but  of  no  promise. 

White  Pine  is  1  to  20  feet  high,  grows  thriftily.  Norway  Pine  is  1 
to  20  feet  high,  grows  thriftily.  Some  very  promising  little  groves 
occur  about  HerriU. 

6.  On  these  lands  there  is  generally  much  fallen  timber  of  all 
sizes;  the  humu«  is  burned  oft.  The  soil  ia  covered  with  debris,  pop- 
lar brush,  and  on  sandy  land  by  sweet  fern  and  cherry.  The  chance 
of  seeding  is  poor,  often  wanting  over  large  districts.  Banger  of 
fire  very  great  during  every  dry  season.  Help  to  fight  fires  is  inade- 
quate where  most  needed. 
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Products  of  lumber  ctnd  saw  mills  of  Wisconsin, 
[From  Federal  Genras  of  1M0.J 


842  IBaTABI.I8HICBHT8  BBPOBTBD. 

Glau  of  Pboouots. 

Establiah- 

menta 

reporting 

respecUTe 

items. 

1 

Quantitf. 

Value. 

Aggregate  Taloe  of  all  prodnota  (jbO 

842 

851,908,787 

» 

Saw  log!  for  domeatio  oonaomptioa  (feet,  eoaled 

tn 

288,228,988 

82,158,154 

TeWraph  polee  (!<ittmber)  ............  r  - ..  r 

128 

5,188 

8,708 

Fenoepoeta  (number).., 

185 

608.488 

29,454 

Railway  tie*  (nnmber) 

174 

858,189 

52,212 

Piling  (pieoea) 

70 

18,988 

20,128 

1 

40,000 

800 

Boond  timber,  toe  export  (feet,  scaled  meaaore).. 

2 

890,000 

2,881 

AUoth^  JN^odoots  which  haTe  not  become  the 

74 

99,382 

Total 

12,881.887 

LUMBBB-KILL  AXD  SAW-MILL  PbODUOTS  : 

Sawed  lumber  (ftot,  board  meaanze) 

687 

2,812,584,872 

881,878,910 

Bobbin  and  n>ool  utock  rfeet.  board  «n^iiflnre^  . . . 

Fnmitore  atoek  (feet,  board  meaaare) 

152 

11,088,772 

129,978 

Garriage  and  wagon  etook  (feet,  board  meaaiue).. 

158 

4.171,481 

92.488 

Agricnltnral  implement  stock  (feet,  board  meaa- 
nie) 

127 

885,882 

10,988 

Picketa  or  palings  (feet,  board  measure) 

118 
871 
88 

82,885,888 

1,888,082,000 

58,187.082 

180,818 

flhin||iM  (number) ..,,..... 

2,186,848 

StaTcs  (pieces) 

868,714 

Headings  (sets) 

41 
580 

7,818,755 

812,186 

All  other  products  (including  receipta  from  cus- 
tom sawing) 

8,089,108 

Total 

886,109,671 

PLAmaro-KiLL  Pboduots  axd  Bbmahot aotubib 

198 

$11,487,788 

a  The  Talue  of  product  Is  the  net  Talue  at  the  mill,  ezclusiTc  of  expenses  of  sell- 
ing. The  coat  of  this  item  Is  stated  under  the  head  of  "Annual  expense  ohargea,"  and 
ahould  not  be  conaidersd  as  a  charge  on  the  coat  of  manufacture. 
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Hbadiha  ;  Custom  Sawivo,  BBTAiXiMD. 


Total., 


EstahUahmento  enlaced  axelvalTeljr  in  oastom  sawinir. 
XstabUahments  engaged  partially  in  eostom  uwinir.... 
Sfbciai«  Imdubtbibs  Aim  Bt-fbodvots. 
Total , 


Handler,  ehair  stock,  and  similar  tamed  and  shaped  goods.. 

Tube,  pails,  ohnms*  packages,  misoellaneoas,  wooden  ware, 
and  veneers 


Hoops 

Paving  blocks 

Hnbs,  spokes,  and  similar  wagon  stock,  in  shape. 

Agrienltnral  implement  stock,  in  shape 

JCisoellaneoos 

Estimated  Talne  of  laths 

Estimated  Talne  of  other  by-prodnots 


Number  of 
estahlish- 


94 


18 

0 
8 


U 

1 
8 


Beoeipts 

fromcnstom 

work. 


m8,oro 

I«a0,847 

802,282 

Valne  of 
product. 

2,206,084 


41,884 

909,788 
28,065 


880,240 

6,700 

74,244 

860,000 

126,368 
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Value  of  products  of  wood  industries  in  the  several  counties  of  Wis- 
consin. 

[From  the  State  GensoB  of  1895.] 


Name  of 
oonnty. 

Lnmber, 

andUUi 
manufd. 

Articles 
manxifd- 

Wacrons, 

carriages 

ana 

sleitfhs 
mannfd. 

Name  of  county. 

Lumber. 

and  Uith 
manufd. 

Articles 
of  wood 
manufd. 

Wag. 
ona, 
car- 

riagea, 
and 

sleWhs 

uTd. 

1,000  dollars. 

1,000  doUars. 

Total  for 

84.487 

19.284 

5.800 

Polk 

116 

518 
492 
185 
804 
361 
702 
656 
2,085 
858 
941 

2 
105 

X 

state .... 

Portage 

21 

iTice 

Pierce 

1,889 

675 

1.714 

13 

817 

825 

744 

1,025 

10 

1,018 

25 

24 

458 

1.481 

8 
82 

1 

32 

22 

Ashland  .. 

Sawyer 

id" 

8 

8 

239 

871 

1.179 

Shawano 

6 
41 

1 

5 

BaySid.::: 

St.  Croix 

1 

Burnett.... 

Taylor 

6 

^Hsrr:: 

5 

10 

242 

4 

Vilas 

Washbam. 

Wood 

DoiudaB . . . 

272 

7 

jlnnn 

Florenc  . . 

Total  for  tim- 
bered counties 

Blown 

24.568 

8.612 

Forest 

886 

Iron 

Jackson.... 

21 

6 

112 

11 
711 
186 

5 
5 

1,227 
2,170 

137 
2,118 

287 
83 

996 
1.082 

277 

280 

2 

54 

2 

260 

56 

3.920 

24 

Eau  Claire 

Juneau 

12 

Marathon. 

18 
8 

7 

Marinette.. 

LaCrosse 

100 

Oconto.. 

Monroe. 

4 

Oneida..... 

302 

Outagamie 

Waupaca 

14 

9 

Winnebago 

Total  for  coun- 
ties     directly 
dependent   on 
the  Wisconsin 

forests. 

Other  parts  of  the 
state 

848 

8.047 
1,822 

4,801 
10.821 

528 
4,886 
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PinBry  on  sandy  lend  without  merchants t>iB 
ha rdwoods  except  in  smait  scattered  areas 

Pinery  with   const deradie  merchsntab/e  timber. 
Pinery  nearly  or  entirety  cut  over. 

Pmery   iargety  stocked  with  Jack  ptne 

Mfxed  forests  of  hardwoods,  pine^  and.  in  the 
patt  east  and  notth  of  ted  it ne.  hemlock. 

Mixed  tb  rests  with  less  than  3  M  ft  of  hardwood 

3f7d  hem  lock  per  acre  of  stacked  area. 

Mixed  forests  with  3  to  5  M  ft  of  hardwood  and 

hemlock  per  acre    of  stocked  area. 

Mixed   forests  wtth  over  S  M.  ft  of  hardwood 

and  hemlock  per  acre   of  stocked  a  tea 

Mfxed  forests  with  considerable  merchantabfe 
pine  timber 

Mixed  forests  from   which  pine  has  largely    W 

been   cut 

Mixed  forests  from   which  hardwoods  and 

hemlock    have  largely  been   cur  or  burned 

Mixed  forests  where  pine  is  predominant, 

the  forests  resembling  pmery 

Mix  ed  fo  res  ts  wh  ere  pine  formerly  p  redom  in  a  ted, 

but  IS  now  cut  giving  the  appearance  of 

a  pine   slashing 

'Open fn gs" wtth  Jack  pine  woods 

'Op en i ngs  '  wf  th    scrub    oak   woo ds, 

iimir  of  hemlock    ares,    not  carried  out  in 
the  eastern  part     fo  rhe  south  and  west  of 
this  line   the  hemlock  is  not  of  commetcial 
importance  and  the  birch   is  replaced  by  oak, 

Indian    reservarion. 
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PREFACE. 

The  work  that  has  serred  as  a  basis  for  this  volume  has  ex- 
tended over  several  years,  and  has  been  done  in  Wisconsin,  at 
the  residence  of  Dr.  Charles  A.  Leuthstrom,  to  whose  forbear- 
ance in  allowing  ns  to  use  his  gardens  as  a  hunting-ground,  we 
are  greatly  indebted.  The  field  is  a  most  favorable  one  since 
an  island  in  the  lake  close  by,  acres  of  woodland  all  about,  and 
a  farm  with  two  vegetable  gardens,  one  on  the  top  of  a  hill  and 
one  on  lower  ground,  oflFer  a  rich  variety  of  nesting  places.  It 
is  in  the  lower  garden,  which  is  bounded  by  woods,  that  the 
wasps  are  found  in  greatest  abundance. 

The  study  of  the  solitary  wasps  was  suggested  to  us  by  those 
most  interesting  and  delightful  of  all  entomol(^cal  papers, 
the  "Souvenirs  Entomologiques"  of  J.  H.  Fabre,  and  however 
widely  our  conclusions  may  differ,  we  have  for  M.  Fabre  and 
for  his  work,  the  deepest  respect  and  admiration. 

We  wish  to  express  our  indebtedness  to  Mr.  W.  H.  Ashmead 
of  Washington,  for  his  cordial  interest  in  the  work  and  for  his 
kindness  in  identifying  for  us  the  various  species. 

Milwaukee,  October  30,  1897. 
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INSTINCtS  AND  HABITS  OF  THE  SOLITARY 

WASPS. 


IMTRODUCTION. 


t'or  the  purpbsefi  of  Ihifi  work  wasps  may  be  divided  itito  Wo 
classes,  the  social  and  the  solitary.  Of  these,  those  of  the  latter 
clasd  lure  much  the  inore  niimerotis,  there  being  over  one  thou- 
sand species  in  the  United  States  alone,  while  there  are  only 
about  fifty  species  of  the  social  genera.  That  the  social  kinds  are 
better  known  is  due  to  the  fact  that  the  great  size  to  which 
their  communities  often  attain  makes  it  comparatively  easy  td 
study  them. 

The  social  wasps  most  commonly  inet  with  in  Wisconsin  are 
the  hornets  and  yellow- jackets  of  the  genus  Vespa^  and  a  species 
of  Polistes  that  builds  open  combs.  For  the  sake  of  comparison 
list  us  sum  up  briefly  the  cycle  of  their  lives.  In  the  autumn 
the  queens,  having  inated  with  the  drones,  creep  away  into 
crevices  and  sheltered  comers  where  they  pass  the  winter.  In 
the  spring  they  may  be  seen  seeking  for  suitable  nesting  places, 
and  forming,  from  the  fibres  of  weather-  beaten  wood,  which  are 
scraped  oflF  and  chewed  up,  the  first  layer  of  cells.  So  much 
being  accomplished  the  queen  deposits  her  eggs,  one  in  each  cell, 
and  when  these  develop  into  grubs  she  feeds  them  until  at  the 
elid  of  a  week  or  ten  days  they  spin  their  cocoons  and  become 
pupse.  In  from  eight  to  ten  days  the  perfect  wasp  is  formed 
and  emerges  from  its  cell  ready  to  assume  its  share  of  responsi- 
bility in  the  work  of  the  nest.  These  first  wasps  are  always 
neuters,  and  hereafter  all  the  duties  which  the  queen  has  been 
obliged  to  perform,  with  the  single  exception  of  egg-laying,  fall 
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upon  them.  Before  long  many  hundreds  of  neuters  are  busy 
at  work^  no  drones  appearing  until  the  summer  is  somewhat 
advanced.  While  the  warm  weather  lasts  the  nest  continues  to 
inci^ase  in  size  and  numbers,  but  in  the  first  cool  days  of  fall 
the  neuters  and  queens  desert  it,  leaving  the  helpless  drones  and 
undeveloped  grubs  to  starve.  The  neuters,  after  leading  a 
•wandering  life  for  two  or  three  weeks,  perish  with  the  first 
frosts,  the  queens  alone  being  left,  and  doubtless  many  of  these 
also  die  in  the  severe  cold  winter. 

The  solitary  wasps  differ  from  the  social,  in  having  only  two 
sexes.  Each  female  makes  a  separate  nest  and  provisions  it 
by  her  own  labor;  and  in  many  cases  a  new  nest  is  made  for 
each  egg.  There  is  no  cooperation  among  them,  although  in 
certain  genera,  as  Pelopneus  and  Bembew,  a  number  of  individu* 
als  build  close  together,  forming  a  colony.  The  nests  may  be 
made  of  mud  and  attached,  for  shelter,  under  leaves,  rocks,  or 
eaves  of  buildings,  or  may  be  burrows  hollowed  out  in  the 
ground,  in  trees  or  in  the  stems  of  plants.  The  adult  wasp  lives 
upon  fruit  or  nectar  but  the  young  grub  or  larva  must  have  ani- 
mal food,  and  here  the  parent  wasp  shows  a  rigid  conservatism, 
each  species  providing  the  sort  of  food  that  has  been  approved 
by  its  family  for  generations,  one  taking  flies,  another  bugs,  and 
another  beetles,  caterpillars,  grasshoppers,  crickets,  locusts,  spi- 
ders, cockroaches,  aphides  or  other  creatures,  as  the  case  may  be. 

The  solitary  wasps  mate  shortly  after  leaving  the  nest,  in  the 
spring  or  sunmier.  The  males  are  irresponsible  creatures,  aiding 
little,  if  at  all,  in  the  care  of  the  family.  When  the  egg-laying 
time  arrives  the  female  secures  her  prey,  which  she  either  kills 
or  paralyzes,  places  it  in  the  nest,  lays  the  egg  upon  it,  and  then, 
in  most  cases,  closes  the  hole  and  takes  no  further  interest  in  it, 
going  on  to  make  new  nests  from  day  to  day.  In  some  genera 
the  female  maintains  a  longer  connection  with  her  offspring, 
not  bringing  all  the  provision  at  once  but  returning  to  feed  the 
larva  as  it  grows,  and  only  leaving  the  nest  permanently  when 
the  grub  has  spun  its  cocoon  and  become  a  pupa. 

The  egg  develops  in  from  one  to  three  days  into  a  footless, 
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maggot-like  creature  which  feeds  upon  the  store  provided  for  it^ 
increasiiig  rapidly  in  aize,  and  entering  the  pupal  stage  in  from 
three  days  to  two  weeks.  In  the  cocoon  it  passes  through  its 
£nal  metamorphosis,  emerging  as  a  perfect  insect,  perhaps  in 
two  or  three  weeks,  or,  in  many  cases,  after  the  wioter  months 
have  passed  and  summer  has  come  again.  Probably  no  solitary 
wasp  lives  through  the  winter,  those  that  come  out  in  the  spring 
or  smnmer  perishing  in  the  autumn. 

The  social  hymenoptera  are  bom  into  a  community,  and  their 
mental  processes  may  be  modified  and  assisted  by  education  and 
imitation,  but  the  solitary  wasp  (with  rare  exceptions)  comes 
into  the  world  absolutely  alone.  It  has  no  knowledge  of  its 
progenitors,  which  have  perished  long  before,  and  no  relations 
with  others  of  its  kind.  It  must  then  depend  entirely  upon  its 
inherited  instincts  to  determine  the  form  of  its  activities,  and 
although  these  instincts  are  much  more  flexible  than  has  been 
generally  supposed,  and  are  often  modified  by  individual  judg- 
ment and  experience,  they  are  still  so  complex  and  remarkable 
as  to  offer  a  wide  field  for  study  and  speculation. 
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CHAPTER  I. 

AMMOBHIIiA  AND  HER  GATERPILL^BS. 
Platea^n.,  %.  2;'in.;^IV.;V.;  VHI.,  figs.  1-4. 

Moftt  gcaceful  and  attractive  of  all  the  waspa —  "taUle  ^I6e, 
toumure  sveUe/^  as  Vabte  describes  theni,  the  Ammophile^,  qi 
all  the  inhabitants  of  the  garden,  hpld  the  ^t  place  in  our  af- 
fections. Not  so  beautiful  as  the  blue  Pelopaeua  nor  so  indus- 
trious as  the  little  red-girdled  Trypoxylon,  their  intelligence, 
their  distinct  individuality,  and  their  obliging  tolerance  of  our 
society  make  them  ^  unfailing  source  of  interest.  They  are, 
moreover,  the  most  remarkable  of  all  genera  in  their  stinging 
habits,  and  few  things  have  given  us  deeper  pleasure  than  our 
success  in  following  the  activities  and  penetrating  the  secrets  of 
their  lives.  In  our  neighborhood  we  have  but  two  species  of 
Ammophilay  umaria  Cresson  (PI.  11.,  fig.  2),  and  gracilis  Cres- 
son,  both  of  them  being  very  slender  bodied  wasps  of  about  an 
inch  in  length,  gracilis  all  black,  and  umaria  with  a  red  band 
around  the  front  end  of  the  abdomen.  With  two  exceptions 
our  observations  relate  to  umaria. 

During  the  earlier  part  of  the  summer  we  had  often  seen 
these  wasps  feeding  upon  the  nectar  of  flowers,  especially  upon 
that  of  the  sorrel  of  which  they  are  particularly  fond,  but  at 
that  time  we  gave  them  but  passing  notice.  One  bright  morn- 
ing in  the  middle  of  July,  however,  we  came  upon  one  that  was 
so  evidently  hunting,  and  hunting  in  earnest,  that  we  gave  up 
everything  else  to  follow  her.  The  ground  was  covered,  more 
or  less  thickly,  with  patches  of  purslane,  and  it  was  under  these 
weeds  that  our  AmmopMla  was  eagerly  searching  for  her  prey. 
After  thoroughly  investigating  one  plant  she  would  pass  to 
another,  running  three  or  four  steps  and  then  bounding  as 
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thoiigli  she  were  made  of  thistledowiL  an4  wore  too  light  to  re- 
main upon  the  ground.  We  followed  her  easily^  and  as  she  was 
in  full  view  nearly  all  of  the  time  we  had  every  hope  of  wit- 
x^es^ing  the  capture^  but  in  this  we  were  destined  to  disappoint- 
I^ent.  We  had  been  in  attendance  on  her  for  about  a  quarter 
of  an  hour  when^  after  disappearing  for  a  few  moments  under 
the  thick  purslane  leaves,  she  came  out  with  a  green  caterpillar. 
We  had  missed  the  wonderful  sight  of  the  parc^yzer  at  work, 
but  we  had  no  time  to  bemoan  our  loss  for  she  was  mqlpng  off 
at  ap  rapid  a  pace  that  we  were  well  occupied  in  keeping  up  with 
l^er.  She  hurried  along  with  the  same  motion  as  bef  orQ,  unenv 
barrassed  by  the  weight  of  her  victim.  (Plate  IH.)  Thrice  she 
dropped  it  an^  circled  over  it  a  mon^ei^t  before  takiq^g  it  again* 
for  sixty  feet  she  kept  to  open  ground,  passing  between  two  rows 
of  bushes,  but  at  the  end  of  this  division  of  the  garden,  she 
plunged,  very  much  tq  our  dismay,  into  a  field  of  standing  com. 
Here  we  had  great  difficulty  in  following  her,  rince  far  from 
keeping  to  her  former  orderly  course,  she  zigzagged  among  the 
plants  in  the  most  bewildering  fashion,  although  keeping  a  gei|.- 
«ral  direction  of  northeast  It  seemed  quite  impossible  that  she 
<;ould  know  where  she  was  going.  The  com  rose  to  a  height 
of  six  feet  all  around  us;  the  ground  was  uniform  in  appear- 
ance, and,  to  our  eyes,  each  group  of  com  stalks  was  just  like 
-every  other  group,  and  yet,  without  pause  or  hesitation,  the 
little  creature  passed  quickly  along,  as  we  might  through  the 
familiar  streets  of  our  native  town. 

At  last  she  paused  and  laid  her  burden  down.  Ah!  the  power 
that  has  led  her  is  not  a  blind,  mechanically  perfect  instinct, 
for  she  has  traveled  a  little  too  far.  She  must  go  back  one  row* 
into  the  open  space  that  she  has  abeady  crossed,  although  i^ot 
just  at  this  point.  Nothing  like  a  nest  is  visible  to  us.  The 
surface  of  the  ground  looks  all  alike,  and  it  is  with  exclamations 
•of  wonder  that  we  see  our  little  guide  lift  two  pellets  of  eartji 
which  have  served  as  a  covering  to  a  small  opening  running 
<iown  into  the  ground. 

The  way  being  thus  prepared  she  hurries  back  with  her  wings 
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quivering  and  her  whole  manner  betokening  joyful  triumph  at 
^e  completion  of  her  task.  We,  in  the  meantime,  have  become 
as  much  excited  over  the  matter  as  she  is  herself.  She  picks 
up  the  caterpillar,  brings  it  to  the  mouth  of  the  burrow  and  lays 
it  down.  Then,  backing  in  herself,  she  catches  it  in  her  mandi- 
bles and  drags  it  out  of  sight,  leaving  us  full  of  admiration  and 
delight. 

How  clear  and  accurate  must  be  the  observing  powers  of  these 
wonderful  little  creatures  1  Every  patch  of  ground  must,  for 
them,  have  its  own  character;  a  pebble  here,  a  larger  stone 
there,  a  trifling  tuft  of  grass — ^these  must  be  their  landmarks. 
And  the  wonder  of  it  is  that  their  interest  in  each  neet  is  so^ 
temporary.  A  burrow  is  dug,  provisioned  and  closed  up,  all  in 
two  or  three  days,  and  then  another  is  made  in  a  new  place  with 
everything  to  leam  over  again. 

From  this  time  (July  thirteenth)  on  to  the  first  of  September 
our  garden  was  full  of  these  wasps,  and  they  never  lost  their 
fascination  for  us,  although  owing  to  a  decided  difference  be- 
tween their  taste  and  ours  as  to  what  constituted  pleasant 
weather  all  our  knowledge  of  them  was  gained  by  the  sweat  of 
our  brows.  When  we  wished  to  utilize  the  cool  hours  of  the 
morning  or  of  the  late  afternoon  in  studying  them,  or  thought 
to  take  advantage  of  a  cloud  which  cast  a  grateful  shade  over 
the  sun  at  noonday,  where  were  our  Ammophiles?  Out  of  sight 
entirely,  or  at  best  only  to  be  seen  idling  about  on  the  flowers 
of  the  onion  or  sorrel.  At  such  a  time  they  seemed  to  have 
no  mission  in  life  and  no  idea  of  duty.  But  when  the  air  wrj9 
clear  and  bright  and  the  mercury  rose  higher  and  higher,  all 
was  changed.  Their  favorite  working  hours  were  from  eleven 
in  the  morning  to  three  in  the  afternoon,  and  wh^i  they  did 
work  they  threw  their  whole  souls  into  it.  It  was  well  that  it 
was  so,  for  they  certainly  needed  all  the  enthusiasm  and  perse- 
verance that  they  could  muster  for  such  wearisome  and  disap* 
pointing  labor.  Hour  after  hour  was  passed  in  search,  and  often 
there  was  nothing  to  show  at  the  end  of  it,  for,  since  the  cater- 
pillars that  they  wanted  were  nocturnal  species,  most  of  them 
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were  under  grormd  in  the  day-time.  The  species  observed  hy 
Fabre  knew,  by  some  snbtie  instinct,  where  to  find  the  worm,, 
and  nnearthed  it  from  its  burrow.  ?7mana,  on  the  contrary, 
never  dug  for  her  prey,  but  hunted  on  bare  ground,  on  the 
purslane,  and  most  of  all  on  the  bean-plants.  These  were  ex- 
amined carefully,  the  wasp  going  up  and  down  the  stems  and 
looking  under  every  leaf,  but  the  search  was  so  frequentiy  un- 
successful that  in  estimating  their  work  we  are  inclined  to  think 
that  they  can  scarcely  average  one  caterpillar  a  day.  When 
they  were  hunting  over  bare  ground  they  often  paused  and 
seemed  to  listen,  and  in  the  beginning  we  expected  to  see  them 
burrow  down  and  drag  a  victim  from  under  the  soil,  but  this- 
never  happened. 

In  this  species,  as  in  every  one  that  we  have  studied,  we  have 
found  a  most  interesting  variation  among  the  different  individu- 
als,  not  only  in  methods  but  in  character  and  intellect.  While 
one  was  beguiled  from  her  hunting  by  every  sorrel  blossom  she 
passed,  another  stuck  to  her  work  with  indefatigable  persever- 
ance. While  one  stung  her  caterpillar  so  carelessly  and  made 
her  nest  in  so  shiftless  a  way  that  her  young  could  only  survive 
through  some  lucky  chance,  another  devoted  herself  to  these 
duties  not  only  with  conscientious  thoroughness  but  with  an  ap- 
parent craving  after  artistic  perfection  that  was  touching  to  see. 

The  method  employed  by  the  Ammophihie  in  stinging  their 
prey  is  more  complex  than  that  of  any  other  predatory  wasp. 
The  larvfie  with  which  they  provision  their  nests  are  made  up 
of  thirteen  segments  and  each  of  these  has  its  own  nervoua 
ceDrt;er  or  ganglion.  Hence  if  the  caterpillar  is  to  be  reduced  to 
a  state  of  immobility,  or  to  a  state  so  nearly  approaching  im- 
mobflity  that  the  egg  may  be  safely  laid  upon  it,  a  single  sting, 
such  as  is  given  by  some  of  the  Pompilidae  to  their  captured 
spiders,  will  be  scarcely  sufficient.  All  this  we  knew  from  Fa- 
bre's  "Souvenirs,"  and  yet  we  were  not  at  all  prepared  to  believe 
that  any  plain  American  waap  could  supply  us  with  such  a 
thrilling  performance  as  that  of  the  Gallic  hirsutay  which  he 
so  dramatically  describes.      We  were,  however,   most  anxiouff 
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to  be  present  at  the  all-important  moment  that  we  miglit  see  f  qr 
■ourselves  just  how  and  where  Ammophila  umaria  stings  her 
victim. 

For  a  whole  week  of  scorching  summer  weather  we  lived  ia 
the  bean  patch,  scorning  fatigue.  We  quoted  to  each  other  the 
example  of  Fabre's  daughter  Claire,  whose  determination  to 
«olve  the  problem  of  Odynems  led  to  a  sun-stroke.  We  fol- 
lowed scores  of  wasps  as  they  hunted;  we  ran,  we  threw  our- 
selves upon  the  ground,  we  scrambled  along  on  our  hands  an4 
Icuees  in  our  desperate  endeavors  to  keep  them  in  view,  and  yet 
they  escaped  us.  After  we  had  kept  one  in  sight  for  an  hour  or 
more  some  sudden  flight  would  carry  her  far  away  an4  all  our 
labor  was  lost. 

At  last,  however,  our  day  came.  We  were  doing  a  little 
hunting  on  our  own  account,  hoping  to  find  some  larvse  which 
we  could  drop  in  view  of  the  wasps  and  thus  lead  them  to  disr 
play  their  powers,  when  we  saw  an  umaria  fly  up  from  tl^e 
ground  to  the  underside  of  a  bean  leaf  and  knock  down  a  small 
^een  caterpillar.  Breathless  with  an  excitement  which  will  be 
understood  by  those  who  have  tasted  the  joy  of  such  a  moment, 
we  hung  over  the  actors  in  our  little  drama.  The  ground  wi^ 
bare,  we  were  close  by  and  could  see  every  motion  distinctly. 
Nothing  more  perfect  could  have  been  desired. 

The  wasp  attacked  at  once  but  was  rudely  repulsed,  the  cater- 
pillar rolling  and  unrolling  itself  rapidly  and  with  the  most 
violent  contortions  of  the  whole  body.  Again  and  again  its  ad- 
versary descended  but  failed  to  gain  a  hold.  The  caterpillar 
in  its  struggles,  flung  itself  here  and  there  over  the  ground,  and 
bad  there  been  any  grass  or  other  covering  near  by  it  might  have 
reached  a  place  of  partial  safety,  but  there  was  no  shelter  within 
reach,  and  at  the  fifth  attack  the  wasp  succeeded  in  alighting 
over  it,  near  the  anterior  end,  and  in  grasping  its  body  firmly 
in  her  mandibles.  Standing  high  on  her  long  legs  and  disre- 
garding the  continued  struggles  of  her  victim  she  lifted  it  from 
the  ground,  curved  the  end  of  her  abdomen  under  its  body, 
^d  darted  her  sting  between  the  third  and  fourth  segment^. 
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From  this  instant  there  was  a  complete  cessation  of  morement 
on  the  part  of  the  imf  ortunate  caterpillar.  Limp  and  helpleas, 
it  could  offer  no  further  opposition  tq  the  will  of  its  conqueror. 
For  some  moments  the  wasp  remained  motionless,  and  then, 
ivithdxawin^  her  sting,  she  plunged  it  successively  between  tl^e 
third  and  the  second,  and  between  the  second  and  the  first  seg- 
ments.    (Plate  IV.) 

The  caterpillar  was  now  left  lying  on  the  ground.  Fpr  % 
moment  the  wasp  circled  above  it  and  then,  descending,  seized 
it  again,  further  back  this  time,  and  with  great  deliberation  and 
nicety  of  action  gave  it  four  more  stings,  beginning  between  the 
ninth  and  tenth  segments  and  progressing  backward. 

Umariay  probably  feeling — as  we  certainly  did — a  reaction 
from  the  strain  of  the  last  few  minutes,  and  a  relief  at  the  com- 
pletion of  her  task,  now  rested  from  her  labors.  Standing  on 
the  ground  close  by  she  proceeded  to  smooth  her  body  with  her 
long  hind  legs,  standing  in  the  meantime,  almost  on  her  head, 
with  her  abdomen  directed  upward.  She  then  gave  her  face 
a  thorough  washing  and  rubbing  with  her  first  legs,  and  not 
until  she  had  made  a  complete  and  satisfactory  toilet  did  she  re- 
tiim  to  the  caterpillar. 

We  saw  Ammophila  capture  her  prey  only  three  times  during 
the  whole  summer,  but  from  these  observations  and  from  the 
condition  of  her  caterpillars  taken  at  various  times  from  nests, 
her  method  seems  to  be  wonderfully  close  to  that  of  hirmtay 
with  just  about  the  same  amount  of  variation  in  different  indi- 
viduals. 

Thus  in  our  second  example,  she  stung  the  first  three  seg- 
ments in  the  r^ular  order,  the  third,  the  second,  and  lastly  (and 
most  persistently)  the  first.  She  then  went  on,  without  a  pause, 
to  sting  the  fourth,  fifth,  sixth,  and  seventh,  stopping  at  this 
point  and  leaving  the  posterior  segments  untouched.  In  our 
first  example,  it  will  be  remembered,  the  middle  segments  were 
spared.  The  stinging  being  completed,  she  proceeded  to  the 
process  known  as  malaxationy  which  consists  in  repeatedly 
squeezing  the  ne<;k  of  the  caterpillar,  or  other  victim,  between 
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the  mandibles,  the  subject  of  the  treatment  being  turned  around 
and  around  so  that  all  sides  may  be  equally  affected. 

In  our  third  case  a  caterpillar  which  we  had  caught  was 
placed  in  front  of  a  wasp  just  after  she  had  carried,  the  second 
larva  into  her  nest  She  seemed  rather  indifferent  to  it,  pass- 
ing it  once  or  twice  as  she  ran  about,  but  finally  picked  it  up 
and  gave  it  one  prolonged  sting  between  the  third  and  fourth 
segments.  She  then  spent  a  long  time  in  squeezing  the  neck, 
pinching  it  again  and  again.  It  was  then  left  on  the  ground, 
and  as  she  showed  no  further  interest  in  it  we  carried  it  home 
for  further  study. 

In  the  three  captures,  then,  that  came  under  our  observation, 
aU  the  caterpillars  being  of  the  same  species  and  almost  exactly 
of  the  same  size,  three  different  methods  were  employed.  In 
the  first,  seven  stings  were  given  at  the  extremities,  the  middle 
segments  being  left  untouched,  and  no  malaxation  was  prac- 
ticed. In  the  second,  seven  stings  again  but  given  in  the  an- 
terior and  middle  segments,  followed  by  slight  malaxation.  In 
the  third,  only  one  sting  was  given  but  the  malaxation  was  pro- 
longed and  severe. 

Let  us  now  compare  these  variations  with  those  of  Fabre.  In 
his  first  case  the  sting  entered  at  twelve  different  points,  be- 
ginning between  the  first  and  second  segments  and  progressing 
r^ularly  backward.  Thero  was  no  malaxation.  In  his  sec- 
ond example  the  third,  second  and  first  segments  were  stung  in 
the  order  given,  and  thereafter  each  succeeding  segment  up  to 
the  ninth,  nine  stings  being  given  in  all,  with  careful  malaxation 
following.  In  his  later  experiments,  which  seem  to  have  been 
numerous,  he  found  that  as  a  usual  thing  all  the  segments  were 
stung,  although  the  posterior  three  or  four  were  occasionally 
spared,  but  that  the  order  in  which  they  were  operated  upon,  aa 
well  as  the  amount  of  malaxation,  was  very  variable.* 

♦M.  Fabre  was  most  fortunate  in  making  hirsuta  sting  under  artifi- 
cial conditions.  Our  experience  with  umaria,  on  the  contrary,  recalls 
his  failures  with  sahulosa.  No  matter  how  carefully  we  arranged  for 
an  experiment,  placing  the  glass  over  the  wasp  out  of  doors,  with  the 
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Our  conclusions,  then,  as  to  Ammophila^s  methods  of  sting- 
ing agree  fairly  well  with  those  of  Fabre.  There  is,  however, 
one  important  exception.  In  his  cases  the  middle  segments, 
upon  one  of  which  the  egg  is  laid  in  our  species  as  well  as  in  his, 
were  invariably  stung,  and  this  he  considers  a  point  of  extreme 
importance.  In  one  of  our  cases  the  middle  segments  were  not 
touched. 

The  point  in  which  our  observations  differ  most  widely  from 
those  of  Fabre  is  in  the  condition  of  the  caterpillars  after  the 
stinging.  He  seems  to  have  found  that  they  always  lived  a  long 
time  but  in  a  motionless  or  nearly  motionless  state,  and  he 
dwells  at  length  upon  the  necessity  of  both  of  these  conditions 
since  he  believes  that  while  the  wasp  larva  must  have  perfectly 
fresh  food,  sijaj  violent  motion  would  imperil  its  safety.  As  a 
matter  of  fact  we  found  a  wide  variation  in  the  thoroughness 
with  which  the  wasps  performed  their  task.  We  had,  in  all, 
fifteen  caterpillars  upon  which  umaria  had  worked  her  will, 
and  while  a  few  of  them  fulfilled  to  a  nicety  the  conditions  which 
Fabre  believes  to  be  imperative,  most  of  them  were  far  from 
doing  so.  Some  of  them  lived  only  three  days,  others  a  little 
longer,  while  still  others  showed  signs  of  life  at  the  end  of  two 
weeks.  Umaria  stores  two  caterpillars  and  in  more  than  one 
instance  the  second  one  died  and  became  discolored  before  the 
first  one  was  entirely  eaten.  The  wasp  larva  did  not,  as  might 
have  been  expected,  find  fault  with  this  arrangement,  but  pro- 
ceeded to  attack  number  two  with  good  appetite,  ate  it  all  up,  and 
then  spun  its  coooon  as  though  nothing  unpleasant  had  occurred. 

The  second  condition  was  also  violated.  In  one  case  the  bite 
of  the  newly  hatched  larva  caused  the  caterpillar  to  rear  ui)on 
end  in  so  violent  a  manner  that  it  looked  as  though  the  little 
creature  would  surely  be  dislodged.  Another  caterpillar  kept 
up  a  continuous  wriggling  without  any  external  stimulation  and 

sun  at  its  hottest,  while  she  was  in  the  f uU  fervor  of  hunting,  and  of- 
fering' her  the  eaterpiUars  that  she  preferred  above  all  others,  the  fact 
of  imprisonment  was  the  only  one  present  to  her  consciousness,  and 
she  never  ceased  in  her  restless  endeavors  to  escape. 
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when  it  -was  touched  it  rolled  about  almost  £8  thefie  larvse  do  in 
a  healthy  state,  and  yet  the  eg^  \Vas  not  shaken  o£F.  The  cftt^r^ 
pillar  which  received  but  a  single  sting,  although  not  motidnlesfi^ 
would  have  been  a  safer  repository  for  the  egg  than  either  of 
these.  Others  fulfilled  Fabre's  condition  perfectly,  lying  im- 
movable except  when  stimulated  and  then  responding  only  by  li 
slight  quivering  of  the  legs  or  skin. 

To  show  more  exactly  the  amount  of  variation  we  quote 
from  bur  notes  on  the  subject.  These  notes  ^ere  made  frotn 
day  to  day. 

No.  15.  July  13.  Took  two  caterpillars  from  nest  just  after  the  sec- 
onii  one  bad  been  put  in.  Both  move  posterior  end  of  body  without 
stimulation. 

July  14,  A.  M.  Caterpillars  both  alive.  The  egg  has  hatched  and 
the  one  to  which  the  larva  is  attached  wriggles  violently  and  con- 
stlintly  rears  up  at  anterior  end.  P.  M.  Wa«p  larva  eating.  Caterpil- 
lar moves  but  little.  The  second  caterpiUar  is  still  lively,  moving  at 
posterior  end. 

July  15.  Wasp  larva  has  grown  large  and  green.  The  caterpillar  does 
not  move  and  the  posterior  half  has  turned  yellow.  The  second  cater- 
pillar moves  only  when  stimulated  and  then  only  at  the  posterior  end. 

July  17,  7:20  P.  M.  The  second  caterpillar  is  alive  and  moves  when 
stimulated. 

July  18,  9  A.  M.  The  second  caterpillar  is  dead.  The  anterior  two- 
thirds  of  the  venter  are  green  but  the  rest  of  the  body  haa  turned 
brown.  It  lived  four  days  and  a  half  after  being  stung.  The  wasp 
larva  is  still  at  work  on  the  first  caterpillar.— 6:30  P.  M.  The  wasp 
larva  has  just  begun  to  eat  the  second  caterpillar. 

July  19,  10  A.  M.  The  wasp  liarva  has  eaten  nearly  all  of  the  second 
caterpillar  since  last  night.  Have  placed  earth  in  bottom  of  tube  to 
see  wheither  it  will  spin  its  cocoon. 

July  21,  9  A.  M.  Larva  has  just  spun  cocoon.  It  ate  half  of  the  in- 
side of  the  second  caterpillar,  evidently  without  regard  to  the  vital 
organs,  taking  everything  as  it  came.  The  length  of  the  cocoon  ia 
14  mm.,  and  the  greatest  width  6  mm.    Color,  light  yellow. 

No.  22.  July  23,  9  A.  M.  Took  from  the  nest  the  caterpillar  whick 
we  saw  stung  yesterday.*    It  was  much  quieter  than  those  in  the  nest 

*This  caterpillar  had  been  stung  in  seven  places,  at  the  anterior  and 
posterior  ends.  Owing  to  some  disturbing  element  the  eggt  instead 
of  being  laid  upon  it,  was  dropped  on  the  ground. 
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of  No.  15.  It  does  not  move  spontaneously  but  when  it  is  touched  tJie 
legs,  particularly  the  anterior  ones,  quiver  like  those  of  a  spider  thai 
has  been  stung. 

July  24.    When  touched,  moves  at  anterior  end. 

July  25,  9  A.  M.  The  caterpillar  Is  dead  and  some  of  the  segments 
have  turned  yellow. 

No.  25.  July  25,  #.  M.  Took  three  caterpillars.  Two  of  these  were 
from  a  nest.  Of  these  the  first  had  the  egg  (6  mm.  long)  attached  on 
the  right  side  of  the  sixth  segment.  The  second  one,  we  saw  stung 
this  morning.  Seven  stings  were  given  in  the  first  seven  segments, 
With  some  malttzation.  The  third  caterpillar  ie  one  which  we  offered 
to  the  wasp  and  which  received  one  sting,  in  the  third  segment,  fol- 
Ibwed  by  severe  malaxation.  All  three  are  quiet  but  move  when 
stimulated. 

July  26,  d  A.  M.  Egg  not  yet  hatched.  The  third  caterpillar  is  alive. 
The  posterior  end,  beyond  fifth  segment,  moves  vdthout  stimulation, 
stretching  out  and  upward.  The  posterior  legs  cling  to  the  finger 
tightly  enough  to  support  the  weight  of  its  body  when  it  is  lifted.  The 
paralysis  is  general  but  is  much  lighter  toward  the  posterior  end. 

July  27,  7:30  A.  M.  The  third  caterpillar  is  still  lively  but  is  not  so 
plump.  The  posterior  legs  cling  to  the  finger  and  support  the  body, 
the  anterior  end  hanging  down.  These  legs  also  make  efforts  to  walk. 
So  far  as  the  egg  is  concerned  this  caterpillar  would  serve  as  well  as 
those  found  in  the  nest.    It  has  passed  feces  twice. 

July  27,  8  A.  M.  The  egg  has  hatched  and  chlorophyll  is  visible  in 
the  larva. 

July  28,  8  A.  M.  Larva  growing  fast.  It  is  all  green  in  color  except 
the  mouth,  resembling  the  caterpillar  thait  it  is  eating.  This  cater- 
pillar is  dead  as  ie  also  the  second  one,  which  has  begun  to  turn  yel- 
low at  the  anal  segments.  The  third  caterpillar  is  much  shrunken  but 
is  still  alive,  at  least  in  the  posterior  half. 

July  30,  8  A.  M.  The  larva  has  begun  to  eat  the  second  caterpillar. 
The  third  caterpillar  is  dead. 

August  1,  9:30  A.  M.  The  larva  has  spun  its  cocoon  which  iis  15  nun. 
long,  and  light  yellow  in  color. 

No.  56.  August  17.  We  saw  an  Ammophila  taking  a  caterpillar  into 
her  nest  at  eleven  in  the  morning.  At  five  in  the  afternoon  we  took  it 
out.  The  egg  was  placed  on  one  side  of  the  sixth  segment,  near  the 
dorsum.  The  caterpillar  is  very  imperfectly  paralyzed,  all  its  posterior 
segments  and  the  posterior  feet  wriggling  violently  when  it  is  touched. 
This  is  the  most  active  caterpillar  that  we  have  seen  so  far,  and  the 
egg  must  be  tightly  fastened  on  or  it  would  be  lost.  The  wasp  appears 
to  have  stung  only  as  far  back  as  the  fifth  or  sixth  segment,  the  sec- 
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ond  part  of  the  process  being  omitted.  Touching  it  in  front  causes 
the  posterior  legs  to  open  and  close,  while  the  posterior  half  of  the 
body  is  thrown  violently  to  one  side. 

August  18,  9  A.  M.  The  caterpillar  jerks  up  its  posterior  half  with- 
out being  touched.  When  stimulated  it  is  so  violent  that  we  are  con- 
cerned lest  the  egg  be  dislodged. 

August  18,  10  A.  M.  We  have  just  secured  the  caterpillar  which 
should  have  completed  the  provisioning  of  this  nest,  the  wasp  having 
deserted  it  on  finding  that  her  burrow  had  been  disturbed.  This  one 
has  been  stung  in  all  the  segments  since  it  cannot  move  the  posterior 
iialf  about,  nor  wriggle  as  the  first  one  does.  Its  neck,  however,  has 
not  been  malaxed,  as  the  mouth  parts  open  and  shut  when  touched, 
And  hold  anything  that  is  placed  in  them.  The  first  caterpillar  stung 
by  the  wasp  had  been  so  malaxed  that  the  mouth  parts  were  paralyzecL 

August  19.  The  first  caterpillar  is  still  lively,  while  the  second 
shows  but  little  movement.    We  put  both,  with  the  egg,  into  alcohol. 

No.  79.  August  31.  At  eleven  o'clock  this  morning  we  saw  an 
urnaria  storing  a  short,  fat,  brown  caterpillar.  At  five  in  the  afternoon 
"we  opened  the  nest  and  found  not  only  the  one  that  we  had  seen  taken 
in  but  also  a  longer,  thinner,  green  one.  Upon  this  one  waa  a  wasp 
larva  about  one  day  old,  which  shows  that,  in  all  probability,  three 
days  must  have  elapsed  between  the  storing  of  the  first  and  second 
caterpillars.  Besides  the  wasp  larva^  which  has  been  attacked  by 
something  and  looks  sickly,  there  are,  upon  the  unfortunate  green 
caterpillar,  three  small  parasitic  larvss  which  all  look  plump  and 
iiealthy.  In  spite  of  being  obliged  to  furnish  food  to  all  these  creatures 
the  caterpillar  is  still  alive  although  a  good  deal  shrunken  and  the 
worse  for  wear.  The  one  put  into  the  nest  today  is  alive  but  only 
moves  when  stimulated. 

September  1.  Both  caterpillars  are  alive.  The  wasp  larva  is  dead, 
tbut  the  parasites  are  still  feeding  on  the  green  one  and  are  doing 
w^ell. 

September  2.  Both  caterpillars  are  alive.  The  green  one  is  turning 
yellow  at  the  eighth  segment.  It  is  on  this  segment  that  the  three 
parasiteB  are  fixed,  on  the  venter  between  the  fourth  and  fifth  pairs  of 
feet.  They  are  growing  fast.  The  brown  caterpillar  has  also  a  larva 
of  some  kind,  which  hatched  today.  It  is  placed  on  the  right  side  be- 
tween the  fourth  and  fifth  rings,  just  behind  the  third  pair  of  feet. 

September  3,  9  A.  M.  The  green  caterpillar  is  dead  and  has  turned 
black.  Only  one  parasite  is  to  be  seen  and  that  one  is  boring  into  the 
body  of  its  host.  The  brown  caterpillar  is  still  alive.  Its  parasite  is 
iarge  and  is  eating  fast. 

September  4.    The  parasite  inside  the  green  caterpillar  is  still  eatr 
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ing.  That  on  the  brown  one  is  crawling  about  on  the  outside.  This 
brown  caterpillar  is  barely  alive. 

September  5.  The  larva  in  the  green  caterpillar  is  eating  ae  beforo. 
The  brown  caterpillar  is  dead  and  the  parasite  has  gone  inside  of  its 
body. 

September  6.  The  first  larva  has  burrowed  into  the  earth,  having 
eaten  all  the  inside  out  of  its  prey.    The  other  one  is  eating  as  before. 

September  7.  The  brown  caterpillar's  parasite  has  also  burrowed 
into  the  ground. 

No.  80.  September  1.  Just  after  noon  yesterday  we  saw  an  uncom- 
monly large  wnwria  carry  an  uncommonly  large  green  caterpillar  into 
her  neart.  At  eleven  o'clock  this  morning  we  took  it  out.  The  %^  is 
on  the  left  side  of  the  seventh  segment. 

September  3,  11  A.  M.  The  ^^  has  just  batched.  It  is  nearly  three 
days  since  it  was  laid.  The  weather  is  cool  and  it  may  be  for  that  rea- 
son that  a  longer  time  than  usual  has  elapsed. 

September  4.    The  larva  is  growing  slowly. 

September  5.  The  larva  grows  very  slowly.  The  caterpillar  is  alive 
and  green. 

September  6.  The  caterpillar  is  alive  and  looks  fresh.  The  larva 
eats  and  grows  very  slowly. 

September  8.  The  caterpillar  is  still  alive  and  green.  The  larva  has 
increased  a  very  little  in  size. 

September  10,  5  P.  M  The  larva  has  grown  very  fast  since  yester- 
day morning.  The  caterpillar  is  dead.  The  last  four  segments  have 
turned  brown,  but  the  rest  is  of  the  original  green  color. 

September  15.  The  larva  is  still  eating  the  dark  colored  remains  of 
the  caterpiUar.  It  is  now  very  large  and  fat  and  has  taken  on  the 
green  color  of  the  caterpillar  which  it  has  devoured. 

September  16.    The  larva  is  spinning  its  cocoon. 

No.  81.  August  31.  This  afternoon  we  saw  an  A.  gracilia  carry  a 
green  caterpillar,  larger  than  the  one  ordinarily  taken  by  umaria,  but 
not  so  large  as  that  of  No.  80,  a  long  distance  (261  ft.)  over  all  sorts  of 
ground.  It  received  very  rough  usage  and  when,  the  wasp  having  de- 
serted it,  we  took  it  into  our  possession,  it  was  so  contorted  that  the 
head  and  the  first  four  segments  were  not  in  a  plane  v^th  the  rest  of 
the  body.  The  third  segment,  which  had  been  grasped  by  the  mandi- 
bles of  the  wasp,  was  badly  bruised  and  discolored. 

September  1.  The  caterpillar,  as  we  look  at  it  through  the  glass 
slide  which  covers  the  box  in  which  it  lies,  continually  nM>ve8  the 
mouth  parts  and  the  anterior  segments  of  its  body.  Now  and  then  it 
slowly  lifts  the  posterior  half  of  its  body  and  then  lets  it  go  back. 
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This  is  witliout  the  slig'htest  stimulation  as  we  do. not  even  touch  the 
box  nor  the  shelf  upon  which  it  stands.  The  movement  is  not  at  all 
violent  as  in  other  caterpillars  (see  Nos.  15  and  56).  The  muscles  have 
relaxed  a  little  so  as  to  let  down  the  anterior  segrments,  but  the  body  is 
still  in  a  curled  up  position. 

S^tember  5.    The  caterpillar  is  alive  and  is  still  tightly  curled  up. 

September  6.  It  now  lies  flat.  The  body  is  shrunken  and  the  color 
lias  faded  to  a  livid  blue. 

September  15.  The  caterpillar  looks  as  if  it  were  dead  but  still  re- 
dsponds  to  careful  stimulation. 

September  23.  The  caterpillar  is  now  of  a  sickly  yellowish  hue  and 
as  shrunkeji  to  a  quarter  of  its  original  size.  We  get  a  scarcely  per- 
ceptible response  to  stimulation. 

September  25.    The  caterpillar  is  unquestionably  dead. 

Among  the  fifteen  caterpillars  that  we  have  taken  from  the 
nests  of  umaria  three  kinds  are  represented,  twelve  of  them 
belonging  to  one  species,  two  to  the  second,  and  one  to  the  third. 

The  egg,  which  is  laid  upon  the  side  of  the  sixth  or  seventh 
segment*  (PI.  VIII.,  fig.  5),  hatches  in  from  two  to  three  days; 
the  larva  spends  from  six  days  to  two  weeks  in  eating,  and  then 
spins  its  pale  yellowish  cocoon. 

The  nesting  habits  of  umaria  closely  resemble  those  of  the 
other  members  of  the  genus,  as  reported  by  various  observers. 
The  spot  chosen  is  in  firm  soil,  sometimes  in  open  ground  but 
much  more  freqeuntly  under  the  leaves  of  some  plant.  The 
plan  is  a  very  simple  one.  A  tunnel  of  about  an  inch  in  length 
leads  to  the  pocket  in  which  the  caterpillars  are  stored.  There  is 
no  hardening  of  the  walls  in  any  part.  We  took  pains  to  draw 
every  nest  that  we  opened,  and,  as  will  be  seen  from  the  illus- 
trations of  some  of  them,  there  was  a  very  considerable  variation 
in  the  minor  details,  such  as  the  obliquity  of  the  entrance  tun- 
nel, the  shape  of  the  pocket,  and  the  angle  at  which  the  tunnel 
and  pocket  were  joined.     (PL  VIII.,  figs.  1-4.) 

The  work  is  done  with  the  mandibles  and  the  first  legs. 
When  it  has  proceeded  so  far  that  the  wasp  is  partly  hidden,  she 

*In  the  drawings  the  eg>gr  is,  by  mistake,  shown  upon  the  eigphth  segf- 
ment. 
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begins  to  carry  the  earth  to  a  little  distance  from  the  nest.  In 
<loing  this  she  backs  up  to  the  edge  of  the  opening  and  flying  a 
little  way,  gives  a  sort  of  flirt  which  throws  the  pellet  that  she 
carries  in  her  mandibles  to  a  distance.  She  then  alights  where 
she  is  and  pauses  a  moment  before  she  runs  back  to  the  hcde,  or, 
in  some  cases,  darts  back  on  the  wing.  We  watched  the  process 
of  nest-making  five  times  during  the  summer.  In  the  first  in- 
stance AmmophUay  having  made  her  excavation,  ran  off  to  a 
distance  and  after  some  search  returned  with  a  good  sized  lump 
of  earth.  This  she  laid  over  the  opening  which  was  now  eatir^y 
hidden.  She  then  flew  to  the  bean  patch  close  by,  but  after  ten 
minutes  she  came  back  and  looked  at  her  nest.  It  was  so  neatly 
covered  as  to  be  almost  indistingmshable,  but  to  this  fastidious 
little  creature  something  seemed  lacking.  She  pulled  away  the 
cover,  carried  out  three  or  four  more  loads,  and  then  b^an  to 
search  for  another  piece  for  closing.  After  a  time  she  came 
hurrying  back  with  a  lump  of  earth,  but  wheai  close  to  the  nest 
«he  concluded  that  it  would  not  do,  dropped  it,  and  ran  off  in 
another  direction.  Presently  she  found  one  which  fitted  into  the 
hole  exactly,  and  after  placing  it  she  brought  a  much  smaller 
piece  which  she  put  above  and  to  one  side.  She  then^stood 
back  and  surveyed  the  whole  and  it  seemed  to  us  that  we  could 
read  pride  and  satisfaction  in  her  mien.  She  then  flow  away 
and  we  supposed  that  that  stage  of  the  work  was  certainly  com- 
pleted. Upon  coming  back  two  hours  later,  however,  we  f  oimd 
that  she  had  been  trying  some  more  improvements,  as  a  number 
of  little  pellets  had  been  piled  up  over  the  nest  This  wasp,  by 
the  way,  never  succeeded  ia  finding  a  caterpillar,  since  when  we 
opened  the  nest  a  few  days  later  it  was  still  empty.  Perhaps 
-she  came  to  some  untimely  end. 

Of  the  other  wasps  that  we  saw  making  a  temporary  closure 
of  their  nests,  one  wedged  a  good  sized  stone  deep  down  into 
the  neck  of  the  burrow  and  then  filled  the  apace  above,  solidly, 
with  smaller  stones  and  earth.  Another  placed  two  lumps  of 
earth  just  below  the  surface  of  the  ground,  filled  the  opening 
with  pellets  loosely  thrown  in,  and  then  kicked  some  light  dust 
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over  the  ^hole.  The  others  used  only  two  or  three  lumpe  of 
earth  which  they  fitted  neatly  into  the  opening  just  below  the 
surface.  Although  it  is  usual  for  uma/ria  to  leave  her  nest 
closed  while  she  is  off  searching  for  her  prey,  there  is  no  invaria- 
ble rule  in  the  matter  even  for  single  individuals.  Once  hav- 
ing seen  a  wasp  dig  her  nest  and  close  it  up,  we  drew  some  radi- 
ating lines  from  the  spot,  in  the  light  dust  that  covered  the 
place,  that  we  might  find  it  again.  When  we  returned,  two 
hours  later,  the  same  wasp  had  made  a  nest  four  or  five  inches 
distant  from  the  first  one,  and  had  left  it  wide  open,  while  she 
had  gone  off  to  search  for  her  caterpillar.  She  had  probably 
been  alarmed  by  the  marks  that  we  had  made  and  had  felt  it 
necessary  to  dig  a  new  nest,  but  being  in  a  hurry  to  lay  her  ^g 
had  omitted  the  Usual  process  of  closing  it  We  witnessed  the 
storing  of  the  caterpillar  and  the  final  closing. 

From  Fabre  we  learn  that  A.  argentata  and  A.  sabulo- 
«a,  like  our  own  «maria,  close  the  nest  as  soon  as  it  has  been 
made,  at  least  when  the  provisioning  is  to  be  postponed  until 
the  next  day,  while  A.  holosericea  leaves  it  open  until  it  is  com- 
pletely stored.  He  suggests  an  explanation  for  this  variation 
by  dwelling  upon  the  inconvenience  that  would  result  if  it  were 
opened  every  time  that  the  wasp  brought  in  a  caterpillar,  since 
holosericea  stores  up  five  or  six  small  larvse  instead  of  one  or 
two  large  ones.  But  what,  then,  shall  be  said  of  A.  yarrowiy 
which,  according  to  Dr.  Williaton,  while  it  also  stores  a  number 
of  small  caterpillars,  takes  the  greatest  pains  to  close  and  con- 
ceal the  entrance  every  time  that  it  comes  out?  We  see  the 
same  habit  in  other  genera  where  the  mother  continually  passes- 
in  and  out,  as  in  Bembex  and  Oxybelus. 

Fabre  thinks  that  A.  hirsuta  has  the  habit,  unusual  for  Am- 
mophila^  of  catching  her  prey  first  and  then  digging  the  hole  in 
which  she  bestows  it.  As  she  takes  only  one  large  caterpillar 
she  is  thus  relieved  of  the  necessity  of  closing  the  nest  more 
than  once. 

As  has  been  said,  umaria  usually  hunts  a  long  time  before 
she  finds  her  caterpillar,  and  one  or  two  days  may  pass  before 
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anything  is  put  into  the  nest  During  this  prolonged  search 
she  often  revisits  the  spot  and  thus  keeps  fresh  the  memory  of 
its  locality.  As  soon  as  the  first  caterpillar  is  stored  she  lays  an 
egg  on  it  and  then  closes  the  nest  as  before.  The  seoond  one 
may  be  brought  in  within  a  few  hours,  but  in  one  instance  that 
came  imder  our  notice  (No.  79),  we  feel  sure  that  the  interval 
was  as  much  as  three  days.  We  saw  the  interment  of  the  second 
caterpillar,  and  upon  excavating,  found  upon  the  first  one  a 
larva  at  least  a  day  old;  and  we  suppose  that  at  least  two  days 
had  elapsed  between  the  laying  and  the  hatching  of  the  ^g. 

When  the  provisioning  is  completed  the  time  arrives  for  the 
final  closing  of  the  nest,  and  in  this,  as  in  all  the  processes  of 
Ammophilay  the  character  of  the  work  differs  with  the  individ- 
ual. For  example,  of  two  wasps  that  we  saw  close  their  nests 
on  the  same  day,  one  wedged  two  or  three  pellets  into  the  top 
of  the  hole,  kicked  in  a  little  dust  and  then  smoothed  the  sur- 
face over,  finiflhiug  it  all  within  five  minutes.  This  one  seemed 
possessed  by  a  spirit  of  hurry  and  bustle,  and  did  not  believe  in 
spending  time  on  non-essentials.  The  other,  on  the  contrary, 
was  an  artist,  an  idealist  She  worked  for  an  hour,  first  filling 
the  neck  of  the  burrow  with  fine  earth  which  was  jammed  down 
with  much  energy,  this  part  of  the  work  being  accompanied  by 
a  loud  and  cheerful  humming,  and  next  arranging  the  surface 
of  the  giound  with  scrupulous  care,  and  sweeping  every  par- 
tide  of  dust  to  a  distanoa  Even  then  she  was  not  satisfied 
but  went  scampering  around  hunting  for  some  fitting  object  to 
crown  the  whole.  First  she  tried  to  drag  a  withered  leaf  to  the 
spot  but  the  long  stem  stuck  in  the  ground  and  embarrassed  her. 
Belinquishing  this  she  ran  along  a  branch  of  the  plant  under 
which  she  was  working  and,  leaning  over,  picked  up  from  the 
groimd  below  a  good  sized  stone,  but  the  effort  was  too  much 
for  her  and  she  turned  a  somersault  on  to  the  ground.  She 
then  started  to  bring  a  large  lump  of  earth  but  this  evidently 
did  not  come  up  to  her  ideal  for  she  dropped  it  after  a  moment^ 
and  seizing  another  dry  leaf  carried  it  successfully  to  the  spot 
and  placed  it  directly  over  the  nest.     A  third  instance  of  the 
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final  closing  of  the  nest  was  intermediate  between  these  two,  the 
work  occupying  twenty  minutes.  The  wasp  first  put  a  plug 
well  down,  then  dropped  in  several  large  pellets  and  brushed 
in  a  quantity  of  fine  earth,  and  finally  smoothed  the  surface 
over. 

We  hcd  another  much  less  worthy  example,  one,  indeed,  that 
went  to  the  extreme  of  carelessness.  We  first  saw  her  in  the 
morning  carrying  her  caterpillar  across  the  field.  She  frequently 
dropped  it  and  ran  or  flew  to  a  little  distance,  and  when  she 
took  it  again  the  venter  was  sometimes  up  and  sometimes  down, 
just  as  it  happened.  Her  nest  was  a  very  poor  afFair  just  be- 
neath the  surface,  and  after  the  caterpillar  was  carried  in,  it 
was  visible  from  above.  She  filled  the  hole  with  loose  particles 
of  earth  and  then  scratched  the  surface  of  the  ground  a  little  in 
a  perfunctx>ry  sort  of  way,  as  different  as  possible  from  the  pains- 
taking labor  that  we  had  been  accustomed  to  in  her  cdstei^. 
That  afternoon  we  opened  the  nest  and  removed  its  contents. 
The  next  morning  we  saw  this  wasp  bringing  home  her  second 
caterpillar.  She  was  much  puzzled  and  disturbed  at  the  de- 
struction of  her  nest,  and  hunted  for  it  for  an  hour  and  a  half, 
leaving  the  caterpillar  on  the  ground  near  by.  We  could  not 
help  feeling  sorry  that  we  had  interrupted  the  contented  rou- 
tine of  her  life.  She  finally  gave  up  in  despair  and  we  took 
possession  of  the  deserted  caterpillar. 

Just  here  must  be  told  the  story  of  one  little  wasp  whose  in- 
dividuality stands  out  in  our  minds  more  distinctly  than  that 
of  any  of  the  others.  We  remember  her  as  the  most  fastidious 
and  perfect  little  worker  of  the  whole  season,  so  nice  was  she 
in  her  adaptation  of  means  to  ends,  so  busy  and  contented  in  her 
labor  of  love,  and  so  pretty  in  her  pride  over  her  completed 
work.  In  filling  up  her  neet  she  put  her  head  down  into  it  and 
bit  away  the  loose  earth  from  the  sides,  letting  it  fall  to  the  botr 
torn  of  the  burrow,  and  then,  after  a  quantity  had  accumulated, 
jammed  it  down  with  her  head.  Earth  was  then  brought  from 
the  outside  and  pressed  in,  and  then  more  was  bitten  from  the 
rides.     When,  at  last,  the  filling  was  level  with  the  ground,  she 
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brought  a  quantity  of  fine  grains  of  dirt  to  the  spot  and  pick- 
ing up  a  eonall  pebble  in  her  mandibles,  need  it  as  a  hammer 
in  pounding  them  down  with  rapid  strokes,  thus,  making  this 
spot  SB  hard  and  firm  as  the  surrounding  surface.  (Plate  Y.) 
Before  we  could  recover  from  our  astonishment  at  this  perfor- 
mance she  had  dropped  her  stone  and  was  bringing  more  earth. 
We  then  threw  ourselves  down  on  the  ground  that  not  a  motion 
might  be  lost,  and  in  a  moment  we  saw  her  pick  up  the  pebble 
and  again  pound  the  earth  into  place  with  it,  hammering  now 
here  and  now  there  imtil  all  was  level.  Once  more  the  whole 
process  was  repeated,  and  then  the  little  creature,  all  unoonscious 
of  the  commotion  that  she  had  aroused  in  our  minds,  imcon- 
scious,  indeed,  of  our  very  existence  and  intent  oxdy  on  doing 
her  work  and  doing  it  well,  gave  one  final,  comprehensive 
glance  around  and  flew  away. 

We  are  claiming  a  great  deal  for  Ammophila  when  we  say 
that  she  improvised  a  tool  and  made  intelligent  use  of  it,  for 
such  actions  are  rare  even  among  the  higher  mammals,  but  for- 
tunately our  observation  does  not  stand  alone,  although  we  sup- 
posed this  to  be  the  case  at  the  time  that  it  was  made.  Some 
weeks  later,  seeing  a  note  of  a  similar  occurrence  by  Dr.  S.  W. 
Williston,  of  Kansas  University,  we  wrote  to  him  on  the  sub- 
ject In  his  reply  he  said  that  he  had  waited  for  a  year  before 
venturing  to  publish  his  observation,  fearing  that  so  remarkable 
a  statement  would  not  be  credited.  His  account*  is  so  interestr 
ing  that  we  quote  it  at  length. 

NOTE  ON  THE  HABITS  OF  AMMOPHILA. 
By  S.  W.  Williston,  Lawrence,  Kan. 
Even  the  casual  observer,  to  whom  all  insects  are  bugs,  cannot  help 
but  be  struck  by  the  great  diversity  and  number  of  the  fossorial  Hy- 
men optera  of  the  plains.  Water  is  often  inaccessible,  trees  there  are  few 
or  none,  and  only,  in  places  is  the  vegetation  at  all  abundant.  A  much 
larger  proportion  of  insects,  hence,  find  it  necessary  to  live  or  breed 
in  holes  in  the  ground,  than  is  the  case  in  more  favored  localitiee.  Es- 
pecially is  this  the  caee  with  the  Hymenoptera,   great   numbers   and 

'Entomological  News,  Vol.  III.,  1892,  p.  85. 
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many  species  of  wbich  thus  breed  in   excavations   made    by   them- 
selves. 

While  packing  specimens  on  an  open  space,  imcovered  by  buffalo 
grass,  in  the  extreme  western  part  of  Kansas,  the  early  part  of  last 
July,  the  attention  of  a  friend  and  myself  was  attracted  by  the  numer- 
ous wasps  that  were  constantly  alighting  upon  the  ground.  The  hard, 
smooth,  baked  surface  showed  no  indications  of  disturbance,  and  it 
was  not  till  we  had  attentively  watched  the  insects  that  we  learned  what 
they  were  doing.  The  wasp  is  a  very  slender  one,  more  than  an  inch 
in  length,  with  a  slender,  pedicellate  abdomen;  it  is  known  to  ento- 
mologists as  Ammophila  7arrov?i  Cres.  They  were  so  numerous  that 
one  was  distracted  by  their  very  multiplicity,  but,  by  singling  out  dif- 
ferent individuals,  we  were  enabled  to  verify  each  detail  of  their  opera- 
tions. An  insect,  alighting,  ran  about  on  the  smooth,  hard  surface  till 
it  had  found  a  suitable  spot  to  begin  its  excavation,  which  was  made 
about  a  quarter  of  an  inch  in  diameter,  nearly  vertical,  and  carried  to 
a  depth  of  about  four  inches,  as  was  shown  by  opening  a  number  of 
them.  The  earth,  as  removed,  was  formed  into  a  rounded  pellet  and 
carefully  carried  to  the  neighboring  grass  and  dropped.  For  the  first 
half  of  an  inch  or  so  the  hole  was  made  of  a  slightly  greater  diameter. 
When  the  excavation  had  been  carried  to  the  required  depth,  the  wasp, 
after  a  survey  of  the  premises,  flying  away,  soon  returned  with  a  large 
pebble  in  its  mandibles,  which  it  carefully  deposited  within  the  open- 
ing; then,  standing  over  the  entrance  upon  her  four  posterior  feet,  she 
(I  say  she,  for  it  was  evident  that  they  were  all  femialeB)  rapidly  and 
most  amusingly  scraped  the  dust  with  her  two  front  feet,  ''hand  over 
hand,*'  back  beneath  her,  till  she  had  filled  the  hole  above  the  stone  to 
the  top.  The  operation  so  far  was  remarkable  enough,  but  the  next 
procedure  was  more  so.  When  she  had  heaped  up  the  dirt  to  her  satis- 
faction, she  again  fiew  away  and  immediately  returned  with  a 
smaller  pebble,  perhaps  an  eighth  of  an  inch  in  diameter,  and  then 
standing  more  nearly  erect,  with  the  front  feet  folded  beneath  her,  she 
pressed  down  the  dust  all  over  and  about  the  opening,  smoothing  off 
the  surface,  and  accompanying  the  action  with  a  peculiar  rasping 
sound.  After  all  this  was  done,  and  she  spent  several  minutes  each 
time  in  thus  stamping  the  earth  so  that  only  a  keen  eye  could  detect 
any  abrasion  of  the  surface,  she  laid  aside  the  little  pebble  and  fiew 
away  to  be  gone  some  minutes.  Soon,  however,  she  comes  back  with 
a  heavy  flight,  scarcely  able  to  sustain  the  soft  green  larva,  as  long  as 
herself,  that  she  brings.  The  larva  is  laid  upon  the  ground,  a  little  to 
one  side,  when,  going  to  the  spot  where  she  had  industriously  labored, 
by  a  few,  rapid  strokes  she  throws  out  the  dust  and  withdraws  the 
stone  cover,  laying  it  aside.    Next,  the  larva  is  dragged  down  the  hole. 
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where  the  wasp  remains  for  a  few  minutes,  afterwards  retuming  and 
closing  up  the  entrance  precisely  as  before.  This,  we  thought,  was 
the  end,  and  supposed  that  the  wasp  would  now  be  off  about  her  other 
•affairs,  but  not  so;  soon  she  returns  with  another  lanra,  precisely  like 
tihe  first,  and  the  whole  operation  is  again  repeated.  And  not  only  the 
second  time,  but  again  and  again,  till  four  or  five  of  the  larve  have 
been  stored  up  for  the  sustainment  of  her  future  offspring.  Once, 
while  a  wasp  had  gone  down  the  hole  with  a  larva,  my  friend  quietly 
removed  the  door  stone  that  she  had  placed  by  the  entrance.  Return- 
ing, she  looked  about  for  her  door,  but  not  finding  it,  apparently  mis- 
trusted the  honesty  of  a  neighbor,  which  had  just  descended,  leaving 
her  own  door  temptingly  near.  She  purloined  this  pebble  and  was 
making  off  with  it,  when  the  rightful  owner  appeared  and  gave  chase, 
compelling  her  to  relinquish  it. 

The  things  that  struck  us  as  most  remarkable  were  the  unerring 
judgment  in  the  selection  of  a  pebble  of  precisely  the  right  size  to  fit 
the  entrance,  and  the  use  of  the  small  pebble  in  smoothing  down  and 
packing  the  soil  over  the  opening,  together  with  the  instinct  that 
taught  them  to  remove  every  evidence  that  the  earth  had  been  dis- 
turbed. 

Since  the  wasps  of  our  two  species  of  Ammophila  make  their 
nests  first  and  then  do  their  hunting  it  follows  that  they  must 
:sometime6  carry  their  prey  for  a  considerable  distance.  The 
most  ambitious  attempt  of  this  kind  that  we  ever  witnessed  is  the 
subject  of  one  of  our  observations  on  the  habits  of  A.  gracilis. 

The  wasp  was  first  seen  carrying  a  lai^e  green  caterpillar^ 
which  projected  at  both  ends  beyond  her  own  body,  across  the 
potato  field  at  the  lower  end  of  the  garden.  We  could  not  tell 
how  far  she  had  already  brought  it,  but  judging  by  the  direction 
from  which  she  was  coming,  and  by  the  fact  that  we  had  never 
seen  that  species  of  caterpillar  in  the  garden,  she  had  probably 
come  through  the  fence  from  the  woods  beyond.  She  moved 
along  briskly  over  the  remaining  part  of  the  potato  field,  and 
then  through  an  adjoining  bean  patch  into  the  com  field.  This 
had  been  a  place  of  much  anxiety  to  us  earlier  in  the  summer 
but  now  the  com  had  been  stacked  and  we  could  follow  her 
without  difficulty.  So  far  she  had  been  going  due  south,  but 
now  she  made  a  turn  and  plunged  into  the  long,  tangled  grass 
which  grew  around  and  among  some  large,  overgrown  raspberry 
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bushes.  To  keep  track  of  her  here  seemed  a  hopeless  task,  but 
we  resolved  to  do  our  best  and  followed  anxiously  after.  The 
wasp  worked  her  way  along  about  two  inches  above  the  ground 
and  very  much  below  the  top  of  the  grass,  clinging  to  the  bladee 
with  her  feet  and  making  surprisingly  good  progress.  When 
half  way  through  the  raspberry  bushes  she  carried  the  cater^ 
pillar  up  on  to  a  branch,  deposited  it  there,  and  after  circling 
about  to  take  her  bearings,  flew  away,  doubtless  to  visit  her  nest 
and  to  make  sure  that  she  was  going  in  the  right  direction. 

We,  ourselves,  were  very  glad  of  the  chance  to  rest  our  tired 
eyes  and  nerves  from  the  strain  of  following  her.  The  journey^ 
so  far,  had  occupied  nearly  an  hour,  at  almost  every  instant  of 
which  it  had  been  exceedingly  difficult  to  keep  her  in  view. 
But  for  our  united  efforts  we  should  certainly  have  failed. 

While  standing  guard  over  the  caterpillar  we  noticed  that  it 
moved  its  head  from  side  to  side,  showing  that  the  first  segment 
could  not  have  been  severely  stung  as  is  usually  the  case  in  the 
work  of  vmaria. 

In  five  minutes  the  wasp  returned  and,  with  the  air  of  feeling 
that  everything  was  right,  picked  up  her  burden  and  carried  it 
laboriously  through  the  remaining  bushes  and  then  through  the 
grassy  space  that  edged  the  garden,  as  far  as  the  rail  fence  which 
separated  this  part  of  the  grounds  from  the  woods.  Without  a 
pause  she  climbed  on  to  this  fence  to  the  height  of  the  second 
rail,  passed  through,  and  flew  down  on  the  further  side.  Here 
she  paused  a  moment,  perhaps  to  take  breath,  and  we  looked  at 
each  other  in  some  dismay.  Whither  was  she  leading  us?  We 
had  now  been  following  her  for  over  an  hour  and  she  looked 
equal  to  ae  much  again  as  she  started  off  once  more,  rapidly  thia 
time,  for  the  grass  was  short  here  and  the  traveling  was  easy. 
Soon,  however,  it  became  evident  that  things  were  going  wrong, 
although  we  could  not  determine  what  was  the  matter.  The 
caterpillar  was  laid  down  while  the  wasp  absented  herself  for  six 
minutes.  She  returned  and  carried  it  for  fifteen  minutes  and 
then  left  it  for  half  an  hour.  Once  more  she  came  back,  and 
carried  it  for  ten  minutes,  and  then  she  flew  away.     It  was  now 
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four  o'clock,  and  we  liad  been  following  her  since  two.  "We 
watched  over  the  caterpillar  for  an  hour  longer,  but  saw  no  mor©^ 
of  the  wasp. 

Did  she  become  discouraged  at  the  magnitude  of  her  task? 
It  would  have  been  a  thousand  times  easier  for  her  to  have  dug 
her  nest  close  by  the  place  of  capture,  but  perhaps  she  had  one 
Jarva  already  stored  with  her  egg  upon  it.  The  caterpillar  was 
carried  two  hundred  and  sixty-one  feet  while  we  watched  her, 
with  an  unknown  distance  at  each  end  to  complete  the  line  be^ 
tween  the  place  of  capture  and  the  nest  She  could  scarcely 
have  lost  her  way  since  at  every  return  she  proceeded  on  her 
journey  in  one  general  direction  without  any  hesitation.  It 
seems  probable  then,  that  she  had  hxmted  too  far  afield  and  did 
not  realize,  when  she  started  with  her  booty,  what  an  undertak- 
ing it  would  be  to  carry  it  to  her  nest. 

The  affairs  of  Ammophila  must  frequently  go  wrong,  since  in 
still  another  of  our  few  examples  we  saw  much  trouble  and  labor 
wasted.  The  wasp,  in  this  case  an  wmaria,  captured  her  cater- 
pillar successfully  and  proceeded  to  carry  it  off.  She  was  far 
from  being  in  a  hurry,  going  along  for  a  foot  or  so  and  then 
making  a  long  pause,  during  which  she  would  lay  it  down  and 
either  circle  above  it,  perhaps  to  take  bearings,  or  spend  the 
time  in  cleaning  herself  off,  stroking  and  smoothing  every  part 
of  her  body  with  the  utmost  care  and  deliberation.  Her  btops 
were  so  frequent  and  so  lengthy  that  nearly  an  hour  was  occu- 
pied  in  going  about  twenty-five  feet.  When,  at  last,  the  nest 
wafi  reached,  the  plug  was  removed  from  the  entrance  and  the 
caterpillar  dragged  in,  but  almost  immediately  the  wasp  came 
out  backwards  with  the  point  of  an  egg  projecting  from  the  ex- 
tremity of  her  abdomen.  She  ran  around  and  around  the  nest 
in  a  distracted  way  four  or  five  times  and  then  went  back,, 
dragged  the  caterpillar  out,  and  carried  it  away.  The  egg  came 
out  further  and  further,  and  finally  dropped  on  the  groimd  and 
was  lost  The  wasp,  carrying  the  caterpillar,  led  us  a  long 
dance,  in  a  great  semicircle  over  the  field,  coming  back  to  the 
nest  at  last.      Instead  of  going  in,  however,  she  was  about  to 
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start  off  on  another  tour  when  we  took  her  prey  from  her  and 
placed  it  in  the  nest.  The  wasp  remained  in  the  neighborhood 
for  over  an  hour^  but  finally  disappeared.  The  nest  was  not 
closed,  and  when  we  dug  it  up  on  the  following  day  it  contained 
only  the  caterpillar  that  we  had  put  in. 

Our  second  example  of  gracilis  promised  well  in  the  begin- 
ning but  turned  out  badly.  She  was  a  big^  powerful  creature 
and,  when  we  saw  her  first,  was  carrying  large  pellets  of  earth, 
in  her  mandibles,  out  of  her  timnel  and  flinging  them  away. 
This  was  at  two  o'clock  in  the  afternoon  and  within  half  an  hour 
she  had  finished  the  nest  and  had  filled  in  the  upper  part  of  it, 
but  in  a  very  imtidy  fashion,  throwing  in  some  bits  of  cornstalk 
and  pellets  of  earth  and  then  scratching  in  a  little  dust. 

On  the  next  day,  September  fourth,  the  wasp  came  back  at 
about  ten  o'clock  and  spent  a  few  minutes  in  enlarging  the  nest, 
after  which  she  again  closed  it  up.  During  the  remainder  of 
that  day  we  saw  her  frequently  in  the  neighborhood  but  on  the 
fifth,  sixth,  seventh,  and  eighth  she  visited  the  nest  only  once 
each  morning  and  then  disappeared.  After  the  eighth  we  saw 
her  no  more  and  the  nest  had  not  been  reopened  when  we  left 
our  country  home  on  September  tenth. 

We  could  usually  enter  into  the  feelings  of  the  Arnmophilae 
BxaSi  xmderstand  the  meaning  of  their  actions,  but  we  were  puz- 
zled once,  when  we  saw  an  nmaria  that  had  stored  her  second 
caterpillar  and  closed  her  nest  permanently,  spend  the  rest  of 
her  morning  in  himting.  Why  in  himting?  She  had  not  dug 
a  nest,  she  could  not  lay  another  egg  at  once,  she  did  not  want  a 
caterpillar,  for  when  we  offered  her  one  she  stung  it  and  then 
left  it  lying  on  the  groimd.  The  sim  was  bright,  the  sorrel- 
blossoms  invited  her.  Surely  it  would  have  been  the  part  of  a 
rational  wasp  to  have  passed  the  rest  of  the  day  in  feasting  and 
fim. 

We  have  said  that  umaria  stores  two  caterpillars  but  this 
rule  is  not  without  its  exception.  It  was  on  the  last  day  of  the 
summer,  that  on  a  visit  to  our  dear  and  fruitful  potato  field,  we 
came  upon  the  Grandmother  of  all  the  Ammophiles,  for  so  we 
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named  her  on  account  of  her  immense  size.  Twice  as  large  as 
an  ordinary  umariay  she  made,  when  flying,  a  loud  hum  that 
at  once  ^attracted  attention.  She  was  juet  completing  and  clos- 
ing her  nest  and  we  determined  to  watch  and  see  what  kind  of 
a  Tictim  she  would  bring  in,  as  it  seemed  improbable  that  this 
great  creature  would  content  herself  with  the  ordinary  fane  of 
the  species.  The  opening  to  the  nest  measured  haK  an  inch  in 
diameter. 

It  was  eleven  o'clock  when  she  flew  away.  At  half  past 
twelve  she  reappeared,  coming  from  the  direction  of  the  woods^ 
opened  her  nest  and  took  out  a  few  more  pellets.  Then  she  flew 
to  a  bush  which  grew  against  the  fence,  three  feet  away,  and 
following  her  quickly  we  saw  an  immense  green  caterpillar 
placed  high  up  on  a  branch.  It  must  have  taken  both  strength 
and  perseverance  to  drag  this  heavy  weight  so  far  from  the 
groxmd.  She  seized  it  at  once  and  carried  it  down,  not  flying, 
as  these  wasps  sometimes  do  when  they  are  descending  with  a 
burden,  and  then  dragged  it  into  her  nest,  where  it  fitted  rather 
tightly.  This  nest  was  so  shallow  and  so  obliquely  directed  that 
the  caterpillar  was  plainly  visible  after  it  had  been  taken  in. 

After  she  had  laid  her  egg  she  crawled  out,  getting  past  the 
caterpillar  with  some  difficulty,  and  closed  the  nest.  There  was 
certainly  no  room  for  any  further  store  of  provisions  and  from 
the  size  of  the  caterpillar  we  judged  that  it  would  furnish  suffi- 
cient nourishment  even  for  the  offspring  cf  this  wasp.  We 
were,  therefore,  not  surprised,  upon  opening  the  nest  two  days 
later,  to  find  that  nothing  more  had  been  brought.  We  have 
said  that  the  wasp  larvae  spend  from  six  days  to  two  weeks  in 
eating.  To  be  more  exact,  all  that  we  watched,  with  the  ex- 
ception of  the  one  which  developed  from  the  egg  of  this  big 
wasp,  ate  from  six  to  eight  days  and  then  spun  their  cocoons,  but 
this  one  seemed  determined  to  reach  the  size  of  its  mother  and 
ate  continuously  for  fourteen  days.  Of  course  long  before  this 
time  had  expired  the  remnant  of  the  caterpillar  had  become  a 
dry,  dark-colored  mass  which  looked  little  likely  to  tempt  the 
appetite,  but  the  great   larva  ate  away  with  unabated   relish^ 
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gradually  acquiring  the  color  and  almost  the  thickneeB  of  the 
caterpillar  it  had  destroyed. 

Westwood  states  that  Ammophilay  when  she  has  captured  her 
prejy  walks  backward^  dragging  it  after  her,*  but  in  all  the  cases 
that  came  under  our  notice  she  walked  f orward,  the  caterpillar 
being  grasped  near  the  anterior  end,  in  her  mandibles,  and  either 
lifted  above  the  ground  or  allowed  to  drag  a  little  if  long  and 
heavy.  It  is  usually  held  venter  up,  but  in  one  case,  in  which 
the  wasp,  while  carrying  it  to  her  nest,  frequently  laid  it  down 
find  picked  it  up  again,  it  was  held  with  the  venter  down  or  up 
indifferently. 

The  all-important  lesson  that  Fabre  draws  from  his  study  of 
the  Ammophiles,  is  that  they  are  inspired  by  automatically  per- 
fect insticcts  which  can  never  have  varied  to  any  appreciable  ex- 
tent from  the  beginning  of  time.  He  argues  that  deviation  from 
the  regular  rule  would  mean  extinction.  For  example,  if  the 
wasp  should  sting  ever  so  little  to  one  side  of  the  median  line  the 
prey  would  be  imperfectly  paralyzed  and  the  egg  would  conse- 
quently be  destroyed;  or  a  sting  in  the  wrong  place  might  cause 
the  death  of  the  caterpillar  and  thus  the  death  of  the  wasp  larva, 
which,  he  thinks,  can  only  be  nourished  by  perfectly  fresh  food. 

The  conclusions  that  we  draw  from  the  study  of  this  genus 
differ  in  the  most  striking  manner  from  those  of  Fabre.  The 
one  preeminent,  unmistakable  and  ever  present  fact  is  variabil- 
ity. Variability  in  every  particular, — in  the  shape  of  the  nest 
and  the  manner  of  digging  it,  in  the  condition  of  the  nest 
(whether  closed  or  open)  when  left  temporarily,  in  the  method 
of  stinging  the  prey,  in  the  degree  of  malaxation,  in  the  man- 
ner of  carrying  the  victim,  in  the  way  of  closing  the  nest,  and 
last,  and  most  important  of  all,  in  the  condition  produced  in  the 
victims  of  the  stinging,  some  of  them  dying  and  becoming  "ver- 
itable cadavers,"  to  use  an  expressive  term  of  Fabre's,  long  be- 
fore the  larva  is  ready  to  begin  on  them,  while  others  live  long 
past  the  time  at  which  they  would  have  been  attacked  and  de- 
stroyed if  we  had  not   interfered  with  the  natural  course  of 

'Introduction  to  Modem  Classification  of  Insects,  vol.  II.,  p.  189. 
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events.  And  all  this  variability  we  get  from  a  study  of  nine 
wasps  and  fifteen  caterpillars! 

In  his  chapter  on  "Methode  des  Ammophiles"  Fabre  says  that 
each  species  has  its  own  tactics,  allowing  no  novitiate.  "Not 
one  could  have  left  descendants  if  it  were  not  the  handy  work- 
man of  today.  Any  little  slip  is  impracticable  when  the  future 
of  the  race  depends  upon  it."  And  yet  we  find  that  the  prey 
may  be  stung  so  slightly  that  it  can  rear  and  wriggle  violently 
or  so  severely  that  it  dies  almost  at  once,  and  in  neither  case  is 
a  break  made  in  the  generations  of  the  Ammophiles,  since  in 
the  former,  the  egg  or  larva  is  so  firmly  fastened  as  to  keep  its 
hold,  while  in  the  latter  the  dead  and  decomposing  caterpillar  is 
eaten  without  dissatisfaction  or  injury. 

Nor  do  we,  in  gathering  evidence  for  the  evolution  of  the  in- 
stincts of  these  wasps,  need  to  rely  entirely  upon  our  own  obser- 
vations. Fabre  himself  gives  many  facts  which  point  in  the 
same  direction,  but  he  draws  a  line  between  those  actions  which 
are  the  result  of  mechanical  and  unvarying  instinct  and  those 
which  come  within  the  sphere  of  reason,  and  in  relation  to  which 
the  insect  must  consider,  compare,  and  judge.  Yet  this  line, 
even  in  the  light  of  his  own  work,  is  so  extremely  variable,  need- 
ing readjustment  with  every  new  species  and  often  among  the 
individuals  of  the  same  species,  that  it  loses  for  others  the 
meaning  which  it  has  for  its  author.  He  himself  speaks  of 
certain  individuals  of  the  genus  Sphex  which  refuse  to  be  duped 
when  he  withdraws  their  prey  to  a  distance.  These,  he  says, 
are  the  elite,  the  strong-headed  ones,  which  are  able  to  recog- 
nize the  malice  of  the  action  and  govern  themselves  accordingly, 
but  these  revolutionists,  apt  at  progress,  he  goes  on  to  say,  are 
few  in  numbers.  The  others,  the  conservators  of  old  usages  and 
customs  are  the  majority,  the  crowd.  Yes,  but  is  it  not  always 
the  strong-minded  few  that  direct  the  destiny  of  a  race? 

Darwin's  suggestion  in  relation  to  the  stinging  instincts  of  the 
solitary  wasps  is  that  they  originally  killed  their  prey  by  sting- 
ing them  in  many  places  on  the  lower  and  softer  side  of  the  body 
(this  habit  of  killing  outright  is  still  seen  in  Bembex  and  many 
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other  genera),  and  that  to  sting  a  certain  segment  being  found 
the  most  successful  method,  this  habit  was  inherited  like  the 
tendency  of  a  bull  dog  to  pin  the  nose  of  a  bull,  or  of  a  ferret  to 
bite  the  cerebellum;  and  that  the  next  step  in  advance  was  to 
prick  the  ganglion  only  slightly,  thus  giving  the  larvse  fresh 
instead  of  dried  meat.*  It  seems  to  us  more  probable  that  we 
have  in  these  instincts  examples  of  the  action  of  natural  salec- 
tion,  the  primary  advantage  of  the  use  of  the  sting  being  to  re- 
duce the  prey  to  helplessness.  Our  Ammophilay  with  their 
many-ganglioned  caterpillars,  have  been  carried  some  steps  fur- 
ther, and  if,  as  may  be  possible,  those  larv»  which  have  pro- 
vided for  them  caterpillars  that  cannot  move  and  that  yet  are 
alive  and  fresh,  derive  any  advantage  from  these  conditions, 
the  present  variable  state  of  things  may  merge  into  one  in  which 
the  instinct  will  be  better  adjusted,  approaching  and  perhaps 
finally  reaching  that  which  Fabre  finds  in  the  species  which  he 
has  observed;  but  at  present,  speaking  for  A.  tirwaria,  we  may 
E^ay  that  this  instinct,  wonderful,  complex  and  difficult  to  ex- 
plain as  it  unquestionably  is,  is  still  far  from  being  exact,  either 
in  its  methods  or  in  the  results  obtained. 

♦Life  and  Letters,  Vol.  H.,  p.  420. 
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CHAPTER  n. 

TBB  GREAT  GOLDEN  DIGGEB. 

Sphex  ichneumanea  linn. 
PI.  n.,  fig,  4;  XI.,  fig.  1,  Xn.,  figs.  1,  2. 

This  wasp  is  one  of  our  most  beautiful  species,  its  great  size 
and  its  brilliant  color,  as  it  flies  among  the  flowers,  serving  to 
make  it  well  known  to  all  observers  of  nature.  During  the  later 
part  of  July,  all  through  August,  and  even  in  the  early  days  of 
September  it  is  conmionly  found  at  work  making  or  storing  its 
burrow.  It  is  rare  in  our  garden,  however,  and  we  thought  our- 
selves fortunate  in  being  able  to  keep  track  of  one  individual 
from  the  making  to  the  closing  of  the  nest.  Although  large 
and  powerful  it  is  gracefully  formed.  In  color  it  is  brown,  with 
two  pairs  of  yellow  spots  on  the  abdomen.     (PI.  11.,  fig.  4.) 

On  the  morning  of  the  third  of  August,  at  a  little  after  ten 
o'clock,  we  saw  one  of  these  hunters  start  to  dig  a  nest  on  the 
side  of  a  stony  hiU.  After  making  some  progress  in  the  work 
she  flew  off  and  selected  a  second  place  where  she  dug  so  per- 
sistently that  we  felt  confident  that  this  was  to  be  her  final 
resting-place,  but  when  the  hole  was  two  and  one-half  inches 
deep  it,  too,  was  deserted.  Again  our  wasp  chose  a  spot  and 
began  to  burrow.  She » worked  very  rapidly  and  at  twenty  min- 
utes before  twelve  the  hole  was  three  inches  deep.  At  high 
noon  she  fiew  away  and  was  gone  forty  minutes.  The  day  was 
excessively  hot,  about  98^  Fahr.,  and  we  ourselves  were  only  de- 
terred from  taking  a  noonday  rest  by  our  fixed  determination 
not  to  leave  the  place  until  we  had  seen  all  that  there  was  to  be 
seen  in  the  manoeuvres  of  ichneumonea.  On  returning  she  ap- 
peared very  much  excited,  fairly  quivering  with  vitality  as  she 
resumed  her  work.  She  came  up  backward  carrying  the  earth 
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with  her  mouth  and  anterior  legs^  and  went  back  from  the  open- 
ing some  little  distance^  when  it  was  dropped  and  she  at  once 
went  in  again.  While  in  the  burrow  we  coidd  hear  her  hum- 
ming, just  as  the  Pelopnei  do  when,  head  downward  in  the  wet 
mud,  they  gather  their  load  for  nestrbuilding.  In  five  or  six 
trips  a  little  mass  of  earth  would  accumulate,  and  then  she  would 
lie  quite  flat  on  the  heap  and  kick  the  particles  away  in  all  di- 
rections. As  the  work  progressed  the  earth  was  carried  further 
and  further  away  before  it  was  placed  on  the  ground,  and  as 
she  backed  in  different  directions  the  material  brought  out  was 
well  spread  about  from  the  down-hill  side  of  the  nest.  Some- 
times she  would  spend  several  moments  in  smoothing  the  debris 
all  around  so  that  the  opening  presented  much  the  appearance 
of  an  immense  ant-hill,  only  the  particles  were  much  larger. 
During  the  first  hour  that  we  watched  her  she  frequently  turned 
directly  toward  us,  and,  sometimes  remaining  on  the  ground  and 
sometimes  rising  on  her  wings  to  a  level  with  our  faces,  appeared 
to  be  eyeing  us  intently  for  four  or  five  seconds.  Her  attitude 
was  comical  and  she  seemed  to  be  saying,  "Well,  what  are  you 
hanging  around  here  for?^' 

As  the  afternoon  wore  on  she  worked  more  calmly  and  her 
fidgety  and  excited  manner  disappeared,  the  excavation  progress- 
ing steadily  until  haK-past  three.  At  that  time  she  came  out 
and  walked  slowly  about  in  front  of  her  nest  and  all  around  it. 
Then  she  rose  and  circled  just  above  it,  gradually  widening  her 
circle,  now  going  further  afield  and  now  flying  in  and  out 
among  the  plants  and  bushes  in  the  immediate  vicinity.  The 
detailed  survey  of  every  little  object  near  her  nest  was  remark- 
able and  not  until  her  tour  of  observation  had  carried  her  flve 
times  entirely  around  the  spot  did  she  appear  satisfied  and  fly 
away.  All  her  actions  showed  that  she  was  studying  the  local- 
ity and  getting  her  bearings  before  taking  her  departure.  (Fl. 
Xn.,  fig.  1-2.)  A  fact  that  impressed  us  very  much  was 
that  with  the  two  nests  that  she  had  begun  and  then  deserted 
she  had  taken  no  such  precaution,  but  simply  came  up  and  flew 
off.     Had  she  made  up  her  mind,  if  we  may  be  allowed  to  use 
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the  term,  that  tlie  localities  were  in  some  way  iinsidtable  and 
that  hence  she  had  no  occasion  to  return  to  them?  Had  she  de- 
cided, in  the  last  instance,  that  she  would  return  and  so  must 
get  her  bearings?  We  wondered  how  far  the  diflFerent  acts 
were  instinctive,  or  were,  as  Huber  has  it,  an  evidence  of  a  ^^t- 
tle  dose  of  judgment"  Bates,  in  speaking  of  Monedula  signor 
tUy  says  that  he  often  noticed  i^  taking  a  few  turns  about  the  lo- 
caUly  of  its  nest  and  that  he  was  convinced  that  it  was  doing  so 
for  the  purpose  of  getting  its  bearings.  Belt,  having  described 
how  he  fed  a  specimen  of  Poliates  carmfex  with  a  caterpillar, 
which  the  wasp  cut  into  two  parts,  goes  on  to  say:  ^TBeing  at 
the  time  amidst  a  thick  mass  of  fine-leaved  climbing  plant,  it 
proceeded,  before  flying  away,  to  take  note  of  the  place  where 
it  was  leaving  the  other  half.  To  do  this,  it  hovered  in  front 
of  it  for  a  few  seconds,  then  took  small  circles  in  front  of  it, 
then  larger  ones  around  the  whole  plant  I  thought  it  had  gone, 
but  it  returned  again,  and  had  another  look  at  the  opening  in 
the  dense  foliage  down  which  the  other  half  of  the  caterpillar 
la."*  He  then  remarks  that  when  the  wasp  came  back  for  the 
remaining  half  it  flew  straight  to  its  nest  without  taking  any 
-further  note  of  the  locality.  Both  of  these  writers  believe  that 
many  of  the  actions  of  insects  that  are  ascribed  to  instinct  are 
really  evidence  of  the  possession  of  a  certain  amount  of  reason- 
ing power. 

To  return  to  our  Sphex.  When  she  flew  away  we  naturally 
supposed  that  she  had  gone  in  search  of  her  piey,  and  we  were 
on  the  qui  vive  to  observe  every  step  in  her  actions  when  she 
came  home.  Alas!  when  she  came  back  half  an  hour  later,  she 
was  empty  handed.  She  dug  for  four  minutes,  then  flew  oflE 
■and  was  gone  two  minutes,  then  returned  and  worked  for  thirty- 
five  minutes.  Another  two  minutes*  excursion,  and  then  she 
settled  down  to  work  in  good  earnest  and  brought  up  load  after 
load  of  earth  imtil  the  shadows  grew  long.  We  noticed  that  on 
these  later  trips  she  flew  directly  away,  depending  upon  her  first 
careful  study  of  the  suroundings  to  find  her  way  back.       At 

'Naturalist  in  Nicaragua,  p.  136. 
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fifteen  minutes  after  five  the  patient  worker  came  to  the  surface 
and  for  the  second  time  made  a  detailed  study  of  the  environ- 
ment She  flew  this  way  and  that,  in  and  out  among  the  plants, 
high  and  low,  far  and  near,  and  at  last,  satisfied,  rose  in  circles^ 
higher  and  higher  and  disappeared  from  view.  We  waited  for 
her  return  with  aU  the  patience  at  our  command,  from  fifteen 
minutes  after  five  imtil  fifteen  minutes  before  seven.  We  felt 
sure  that  when  she  came  back  she  would  bring  her  victim  with 
her  and  when  we  saw  her  approaching  we  threw  ourselves  prone 
on  the  ground,  eagerly  expecting  to  see  the  end  of  the  drama,, 
but  her  search  had  been  unsuccessful, — she  carried  nothing.  In 
the  realms  of  wasp-life  disappointments  are  not  uncommon,  and 
this  time  she  had  us  to  share  her  chagrin,  for  we  felt  as  tired  and 
discouraged  as  she  perhaps  did  herself.  When  we  saw  her  en- 
tering without  any  provision  for  her  future  offspring  we  were 
at  a  loss  what  to  do  next  and  it  may  be  that  this  state  of  mind 
was  shared  by  her  also,  for  she  at  once  began  to  fill  in  the  en« 
trance  to  her  nest  We  now  thought  it  time  to  act,  and  decided 
to  capture  her,  to  keep  her  over  night  in  one  of  our  wasp-cages, 
and  to  try  to  induce  her  to  return  to  her  duty  on  the  following 
day.  We  therefore  secured  her  in  a  large  bottle,  carried  her  te 
the  cottage,  and  having  made  every  possible  arrangement  for  her 
comfort,  left  her  for  the  night 

On  the  next  morning,  at  half  after  eight  o'clock,  we  took  Lady 
Sphex  down  to  her  home  and  placed  the  mouth  of  the  bottle  se 
that  when  she  came  out  she  had  to  enter  the  nest.  This  she  did, 
remaining  below,  however,  only  a  moment.  When  she  came 
up  to  the  surface  she  stood  still  and  looked  about  for  a  few  sec- 
onds, and  then  flew  away.  It  surprised  us  that  having  been  ab- 
sent from  the  place  for  so  many  hours,  she  made  no  study  of 
the  locality  as  she  had  done  before.  We  thought  it  a  very  un- 
promising sign,  and  had  great  fears  that  she  was  deserting  the 
place  and  that  we  should  see  her  no  more.  One  would  need  to- 
watch  a  wasp  through  the  long  hours  of  a  broiling  hot  day  to 
appreciate  the  joy  that  we  felt  when  at  nine  o'clock,  we  saw  her 
coming  back.     She  had  no  difficulty  in  finding  her  nest  noi;  did 
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she  feel  any  hesitation  as  to  what  ought  to  be  done  next,  but 
fell  to  work  at  once  at  carrying  out  more  dirt.  The  weather, 
although  still  hot,  had  become  cloudy  and  so  threatening  that 
we  expected  a  down-pour  of  rain  every  moment,  but  this  seemed 
to  make  no  difference  to  her.  Load  after  load  was  brought  up, 
until,  at  the  end  of  an  hour,  everything  seemed  completed  to  her 
satisfaction.  She  came  to  the  entrance  and  flew  about,  now  this 
way,  and  now  that,  repeating  the  locality  study  in  the  most 
thorough  manner,  and  then  went  away.  At  the  expiration  of 
an  hour  we  saw  her  approaching  with  a  large,  light ,  green 
meadow-grasshopper,  which  was  held  in  the  mouth  and  supported 
by  the  fore  legs,  which  were  folded  under.  On  arriving  the 
prey  was  placed,  head  first,  near  the  entrance,  while  the  depre- 
dater  went  in,  probably  to  reassure  herself  that  all  was  right 
Soon  she  appeared  at  the  door  of  the  nest  and  remained  motion- 
less for  some  moments,  gazing  intently  at  her  treasure.  Then 
seizing  it  (we  thought  by  an  antenna)  she  dragged  it  head  first 
into  the  tunnel. 

The  laying  of  the  egg  did  not  detain  her  long.  She  was  up 
in  a  moment  and  began  at  once  to  throw  earth  into  the  nest 
After  a  little  she  went  in  herself  and  we  could  plainly  hear  her 
humming  as  she  pushed  the  loose  material  down  with  her  head. 
When  she  resumed  the  work  outside  we  interrupted  her  to  catch 
a!  little  fly  that  we  had  already  driven  off  several  times  just  as  it 
was  about  to  enter  the  nest.  The  Spliew  was  disturbed  and  flew 
away,  and  this  gave  ua  an  oportunity  to  open  the  burrow.  The 
grasshopper  was  placed  on  its  back,  with  its  head  next  to  the 
blind  end  of  the  pocket!  and  the  legs  protuding  up  into  the  tun- 
nel. In  digging  out  these  nesta  we  have  found  that  by  pushing 
th0  slender  stem  of  a  plant  into  the  hole  before  the  wasp  fills  it 
up  we  are  greatly  aided  in  following  the  direction  of  the  tunnel 
and  in  finding  the  prey  at  the  bottom.  Before  using  this  simple 
device  we  often  went  astray  and  lost  the  nest. 

We  found  that  the  egg  of  the  wasp,  which  was  seven  milli- 
meters long,  and  rather  slender,  was  placed  on  the  under  face  of 
the  thorax  at  a  right  angle  to  its  length,  and  parallel  with  the 
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femur  of  the  second  leg.  This  leg  had  apparently  been  stung 
so  that  it  had  swollen  end  folded  over  the  free  end  of  the  egg^ 
which  was  thus  firmly  held  in  place  at  both  extremities.*  Upon 
examination  we  found  thatf  the  abdomen  of  the  grasshopper  was 
beating  regularly  and  automatically  but  the  closest  observation 
failed  to  discover  any  other  movements  nor  would  any  part  re- 
spond when  stimulated.  At  three  o'clock  in  the  afternoon  we 
found  the  abdomen  still  pulsating^  and,  in  addition^  that  both 
antenna  moved  several  times  when  we  lifted  oflf  the  cover  of  the 
jar  that  contained  the  insect.  On  the  next  morning  the  grass- 
hopper was  very  lively,  the  antennsB  and  labial  palpi  moving 
without  stimulation.  It  had  passed  fseces,  and  was  able  to  lift 
its  abdomen,  which  was  curved  over  toward  the  head,  as  it  lay 
on  its  back,  frequently  and  with  considerable  violence.  On  the 
next  afternoon  (August  sixth)  there  was  no  change  in  the  move- 
ments but  the  egg  was  dead.  On  the  seventh  the  grasshopper 
responded  to  stimulation  by  a  slight  movement  of  the  palpi  and 
the  end  of  the  abdomen.  The  pulsation  of  the  abdomen  contin* 
ued  until  the  afternoon  of  the  eighth  when  it  ceased,  no  effort 
of  ours  succeeding  in  starting  it  again.  The  movements  of  the 
antennae  and  palpi  grew  weaker  and  weaker  on  the  ninth,  and 
on  the  morning  of  the  tenth  the  insect  was  dead,  a  period  of 
five  and  a  half  days  having  elapsed  since  it  was  brought  into  the 
nest.  We  caused  a  wasp  of  the  genus  Polistes  to  sting  a  grass- 
hopper of  the  same  species  on  the  under  surface  of  the  thorax. 
The  insect  was  paralyzed  and  died  on  the  third  day.  In  the 
wasps  studied  by  Fabrd  the  egg  hatched  in  from  three  to  four 
days,  and  the  grub  ate  from  ten  to  twelve  days  before  spinning 
its  cocoon.  Probably  iehneumonea  does  not  differ  greatly  from 
the  other  species  in  these  particulars. 

We  had  not  supposed  that  the  digging  up  of  her  nest  would 
much  disturb  our  Sphex  since  her  connection  with  it  was  so 

*Fabre  says  that  all  of  the  three  species  of  Sphew  that  he  has  studied 
lay  the  egg  on  this  identical  place.  He  lays  immense  importance  on 
this  point  which  seems  to  us  rather  fanciful.  He  also  noticed  the 
pulsation  of  the  abdomen  and  the  moTcments  of  the  other  parts. 
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nearly  at  an  end,  but  in  this  we  were  mistaken.  When  we  re- 
turned to  the  garden  about  half  an  honr  after  we  had  done  tlie 
deed,  we  heard  her  loud  and  anxious  humming  from  a  distance. 
She  was  searching  far  and  near  for  her  treasure  house,  return- 
ing every  few  minutes  to  the  right  spot,  although  the  upturned 
earth  had  entirely  changed  its  appearance.  She  seemed  un- 
able to  believe  her  eyes,  and  her  persistent  refusal  to  accept  the 
fact  that  her  nest  had  been  destroyed  was  pathetic.  She  staid 
about  the  garden  all  through  the  day,  and  made  so  many  visits 
to  us,  getting  under  our  umbrellas  and  thrusting  her  tremen- 
dous personality  into  our  very  faces,  that  we  wondered  if  she 
were  trying  to  question  us  as  to  the  whereabouts  of  her  property. 

Dr.  Packard  describes  Sphex  ichneumonea  as  nesting  in 
gravelly  walks,  where  it  digs  to  a  depth  of  from  four  to  six 
inches,  using  its  jaws  and  fore  l^s  to  do  the  excavating.  While 
the  wasps  that  lie  observed  completed  the  hole  in  half  an  Hour, 
ours  was  actually  at  work  a  little  over  four  hours.  Her  nest, 
as  is  shown  in  the  drawing  (PL  XL,  fig.  1),  measured  seven 
and  one-half  inches  to  the  b^inning  of  the  pockot,  which  was 
three-quarters  of  an  inch  wide  by  one  and  one-half  inches  long. 
The  yellow-winged  SpheXy  a  native  of  France,  was  found,  by 
Fabre  to  take  several  hours  to  make  her  nest,  working  in  hard 
ground,  while  another  species^  also  studied  by  this  distinguished 
observer,  dug  in  soft  earth,  either  in  the  ground  or  in  the 
accumulations  on  the  roofs  of  buildings,  and  completed  her 
work  in  fifteen  minutes  at  the  most  These  variations  in  the 
habits  of  closely  related  species  should  be  carefully  studied  in 
any  attempt  toward  an  explanation  of  their  instincts. 

Fabre's  account  of  the  genus  SpheXy  as  it  appears  in  France, 
is  most  interesting.  He  says  that  the  yellow-winged  species, 
living  in  colonies,  first  digs  her  nest  and  then  secures  her  cricket, 
which  is  brought,  on  the  wing,  to  the  neighborhood  of  the  bur- 
row, the  last  part  of  the  journey  being  accomplished  on  foot. 
The  cricket  is  dragged  by  one  of  the  antennee  and  is  not  left  un- 
til the  nest  is  readied.     It  is  then  placed  so  that  the  antenna 
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reach  precisely  to  the  opening,  and  there  it  is  left  while  the  wasp 
descends  hurriedly  into  the  depths  of  the  burrow.  In  a  few 
seconds  she  reappears^  showing  her  head  outside,  seizes  the  an* 
tennse  of  the  cricket  and  drags  it  below.  These  manoeuvres 
are  repeated  with  a  striking  degree  of  invariability.  One  ex- 
periment of  M.  Fat  re  was  as  follows:  As  the  Sphex  descended 
into  the  nest  he  took  the  cricket  from  the  entrance  and  moved 
it  a  few  inches  away.  The  wasp  coming  up,  looked  about  with 
astonishment,  and  seeing  its  victim  too  far  away,  came  out, 
seized  it,  and  placed  it  again  in  the  desired  position.  This  done 
it  again  descended,  but  alone.  The  same  manoeuvre  was  re- 
peated by  M.  Fabre,  the  same  disappointment  was  exhibited  by 
the  wasp  on  her  return.  The  prey  was  again  brought  to  the  en- 
trance of  the  burrow  but  she  again  went  down  without  it.  The 
experiment  was  repeated  again  and  again  until  the  patience  of 
the  observer  was  exhausted.  He  made  the  test  about  forty 
times  on  the  same  individual  but  the  tactics  of  the  wasp  never 
varied. 

The  other  Sphex  (cdled  by  Fabre  Sphe^  languedoeieny) 
first  secures  her  prey,  which  is  too  large  and  heavy  to  be 
carried  far,  and  then  digs  her  nest  in  the  neighborhood  of 
the  capture.  This  being  done  she  returns  to  her  victim 
and  straddling  it,  drage  it  by  one  or  both  of  the  antennse. 
Sometimes  the  whole  journey  is  accomplished  at  onoe,  but 
oftener  the  wa^rp  suddenly  drops  her  burden  and  runs  rapid- 
ly to  her  nest.  Perhaps  it  seems  to  her  that  the  entrance  is  not 
large  enough  to  accommodate  a  creature  of  such  size;  perhaps 
she  imagines  some  imperfections  of  detail  which  would  impede 
the  process  of  storing  it  up.  The  work  is  retouched,  the  door- 
way enlarged,  the  threshold  smoothed.  Then  she  returns  to  her 
booty  and  again  starts  with  it.  After  a  few  steps  the  Sphex 
seems  to  be  seized  with  another  idea.  She  has  visited  the  door- 
way but  has  not  seen  the  interior.  Who  knows  whether  all  is 
well  within?  She  drops  her  prey  and  again  runs  off.  The 
visit  to  the  interior  is  made,  more  touches  given,  and  once  more 
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she  returns.  Wfll  the  journey  be  accomplished  this  time?  Im- 
possible to  say.  Some  waspe^  more  suspicious  thau  others  per- 
hapSy  or  more  forgetful  of  the  small  details  of  architecture,  to 
Tepair  their  neglect  or  to  clear  up  their  suspicions,  abandon  their 
booty  five  or  six  times  in  succession  to  retouch  the  nest  or  simply 
to  visit  the  interior.  The  prey,  once  brought  to  the  nest,  is  car- 
ried in  without  the  preliminaries  that  are  common  to  the  other 
species. 
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CHAPTEE  ni. 

THE  INHABITANTS  OF  AN  OLD  STUMP. 

Rhopalum  pedicellatum  Pack.^  emd  Stigmus  Arnerica/nua  Pack.. 

In  a  search  for  the  nests  of  one  of  our  garden  wasps  we  f ound^ 
in  the  woods  to  the  north  of  the  fence,  and  not  far  distant  from 
it,  an  old,  weather-beaten  stump  which  was  riddled  with  holes- 
both  large  and  small.  The  large  ones  were  evidently  the  pas- 
sage ways  of  ants  and  were  in  constant  use.  The  small  ones- 
seemed  to  be  uninhabited  but  thinking  that  possibly  they  might 
contain  the  nests  we  were  in  search  of,  and  hoping  that  if  w& 
watched  long  enough  we  might  see  our  wasps  flitting  in  and  outy 
we  settled  ourselves  close  by.  We  were  resolved  to  stay  as  long: 
as  was  necessary  and  we  blessed  the  fate  that  made  it  our  duty 
to  sit  on  the  grass  under  the  shade  of  a  wide-spreading  oak  rather 
than  in  the  distressing  glare  and  heat  of  the  garden,  for  this 
was  on  the  tenth  of  July,  and  the  weather  was  what  the  farmers- 
call  "seasonable.^* 

Twenty,  thirty,  forty  minutes  passed.  Our  eyes  ached  with 
persistent  gazing  and  we  had  nearly  made  up  our  minds  that  the* 
likely  looking  little  holes  were  untenanted,  when  lol  a  tiny  wasp^ 
carrying  something  which  we  could  not  see  distinctly,  darted  in- 
to one  of  them.  It  was  gone  so  quickly  that  we  could  not  be 
sure  that  it  was  the  species  we  were  looking  for,  and  when  it  re- 
appeared, after  two  or  three  minutes,  we  saw  that  it  was  not* 
This  point  being  determined  we  watched  the  hole  with  re- 
doubled interest. 

It  was  wearisome  work,  for  the  wasp  stayed  away  a  long  time 
and  we  dared  not  let  our  gaze  wander  lest  she  should  slip  in 
without  our  knowledge.      At  the  end  of  thirty-five  minutes  she 
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returned,  but  again  we  failed  to  see  what  she  carried.  She  flew 
with  great  rapidity  and  we  scarcely  caught  sight  of  her  before 
she  vanished  into  her  nest.  We  could  not  but  wonder  at  the 
ease  and  certainty  with  which  she  recognized  her  own  doorway 
among  the  hundreds  of  holes  on  the  side  of  the  stump.  This 
power  of  localization,  while  it  is  one  of  the  most  common  among 
wasps,  is  surely  also  one  of  the  most  remarkable. 

Our  little  Rhopalum  pedwellatum^  for  that  proved  to  be  her 
name,  made  six  more  journeys  within  the  next  two  hours.  At  the 
end  of  this  time  we  opened  the  tunnel,  and,  after  a  great  deal 
of  sawing  and  cutting,  succeeded  in  finding  the  nest  five  inches 
from  the  surface.  It  was  nothing  but  a  slight  enlargement  of 
the  gallery,  in  the  soft  decaying  wood.  In  it  we  found  thirty- 
three  gray  gnats  of  the  genus  ChironomuSj  all  of  them  being 
dead  excepting  two.  On  one  of  the  dead  ones  was  the  egg, 
which  had  probably  been  laid  within  a  few  hours. 

The  egg  hatched  two  days  later,  on  July  twelfth,  but  on  the 
fifteenth  the  larva  died.  By  this  time  many  of  the  gnats  looked 
very  dry,  although  we  had  tried  to  arrange  for  both  moisture 
and  ventilation  by  packing  the  bottom  of  the  tube  with  pith 
and  covering  the  top  with  muslin. 

Further  watching  gave  us  one  more  wasp  of  this  species,  in 
the  same  stump.  This  time  the  nest  was  only  two  inches  from 
the  surface.  It  contained  four  dead  gnats  and  two  live  ones, 
but  no  egg,  showing  that  the  egg  is  not  always  laid  on  the  first 
ones  stored. 

Much  later  in  the  season,  toward  the  end  of  August,  we  found 
another  species  of  Rhopalum  which  proved  to  be  new,  and  for 
which  Mr.  Ashmead  has  proposed  thp  name  rubrocinctum  since 
it  wears  a  red  girdle  around  the  front  end  of  the  abdoimen,  being 
otherwise  dressed  in  black  like  pedicillatum.  It  makes  its  home 
in  the  stalks  of  raspberry  bushes.  We  opened  a  stem  which 
contained  thirteen  compartments,  separated  by  partitions  of 
pith.  These  were  filled,  with  black,  gray,  and  green  gnats, 
which  were  packed  in  so  closely  that  they  were  doubled  over 
and  pressed  all  out  of  shape.     Each  cell  contained  from  twenty- 
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five  to  thirty  gnats.  In  some  of  them  were  cocoons,  in  others, 
larvae,  and  in  one,  an  egg.  The  gnats  were  very  carefully  ex- 
amined, and  all  of  them,  from  the  cells  that  had  been  filled  last 
as  well  as  from  those  provisioned  earlier,  were  dead. 

Other  species  of  Rhopalum  are  said  to  prey  upon  spiders  and 
aphides. 

Stigmus  americaims  Packard. 

Rhopalum  was  not  the  only  wasp  that  had  found  a  home  in 
the  old  stump.  By  dint  of  patient  watching  we  discovered  yet 
other  tiny  black  creatures  going  in  and  out  of  one  of  the  little 
holes.  These  wasps,  which  were  scarcely  more  than  one-eighth 
of  an  inch  in  length,  proved  to  belong  to  the  species  Stigmus 
americanuSy  and  we  soon  found  that  they  were  busily  collecting 
aphides  which  they  probably  took  from  the  choke-cherry  bushes 
on  the  other  side  of  the  fence,  since  their  journeys  only  occupied 
three  or  four  minutes.  We  could  see  that  three  wasps  were 
using  the  same  gallery,  all  working  together  in  peace  and  har- 
mony. The  hole  appeared  to  be  an  old  one,  but  whenever  they 
came  out  they  carried  grains  of  pith,  thus  enlarging  it  to  suit 
their  necessities. 

After  having  watched  their  goings  and  comings  for  several 
hours  we  determined  to  open  the  nest  Following  the  tunnel 
with  some  difficulty  for  four  inches  we  found  a  depression.  In 
this  was  a  curious  looking  mass  which  proved,  upon  close  ex- 
amination, to  be  made  up  of  grains  of  pith  mixed  with  aphides. 
To  the  ventral  surface  of  one  of  these  an  egg  was  attached. 
Half  an  inch  further  on  was  another  depression  holding  a  simi- 
lar mass,  the  e^,  in  this  case,  having  been  placed  upon  the  dor- 
sal surface.  There  were,  in  all,  forty-five  aphides,  about  equal- 
ly divided  between  the  two  nests.  We  tested  them  very  care- 
fully and  found  that  they  were  all  dead.  The  gallery  then, 
must  have  been  a  general  hall  or  passage-way  used  by  several 
individuals.  We  had  seen  three  wasps  and  we  found  only  two 
nests,  but  probably  we  missed  the  third  one  amid  the  difficulties 
of  sawing  and  cutting. 

Hoping  to  rear  the  larvsB  we  preserved  the  contents  of  both 
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nests,  bilt  we  were  successful  with  only  one  of  them.  We  had 
taken  the  egge  on  July  eleventh,  and  on  the  following  day  one 
of  them  hatched.  By  this  time  many  of  the  aphides  had  dried 
up  and  were  turning  yellowish.  On  July  fifteenth  there  were 
only  two  or  three  green  ones  left,  all  the  rest  being  brown  or 
black,  but  the  larva  continued  to  eat  contentedly.  On  the 
twenty-first  the  aphides  were  all  dry  and  the  larva  now  ate  only 
the  inside,  leaving  the  shell.  On  the  twenty-sixth  it  spun  a 
light  yellow  cocoon  within  which  it  remained  until  September 
second.  On  that  day  there  came  forth  not  a  wasp  at  all,  but  a 
brilliant  green  Chrysis  fly  (Omalus  eorruscans)  which  we  had 
often  seen  in  close  attendance  upon  Diodontus  america/mis.  The 
egg  of  the  wasp  would  probably  have  been  laid  after  the  nest 
was  fully  provisioned,  but  since  the  fly  had  the  start  the  wasp 
larva  would  have  had  small  chance  of  finding  a  sufficient  food 
supply. 

The  only  notes  that  we  find  concerning  this  genus  are  one  in 
Mr.  Ashmead's  paper  which  says  that  Stigmus  argentifrons 
provisions  its  nest  with  aphides,  and  one  in  Westwood  stating 
that  Mr.  Kennedy  discovered  the  cells  of  8tigmu8  troglodytes 
in  hollow  straws  of  a  thatch,  the  cells  being  filled  with  minute 
insects,  which  appeared  to  be  the  larvse  of  a  Thrips,  as  many  as 
fifty  being  found  in  one  cell.* 

*Modem  Classification  of  Insects,  Vol  n.,  p.  195. 
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CHAPTEE  IV. 

THE  TOILERS  OP  1HE  NIGHT. 

Crabro  stirpicola  Packard. 
PI.  n.,  fig.  5;  XI.,  figs.  6,  7. 

We  have,  in  this  locality,  a  niimber  of  species  of  the  genus 
CrahrOy  several  of  which  are  quite  common.  All,  so  far  as  we 
liave  observed  them,  make  their  nests  in  the  stems  of  plants,  be- 
ing especially  common  in  the  stalks  of  the  raspberry  and  the 
blackberry.  Our  Crabro  stirpicola  is  about  one-quarter  of  an 
inch  long,  and  is  black  with  yellow  legs,  yellow  bars  on  the 
thorax  and  interrupted  yellow  bands  on  the  abdomen.  (PL  IE., 
fig.  5.)  It  is  seen  in  numbers,  through  the  middle  of  July,  fly- 
ing about  in  a  leisurely  way,  but  it  is  only  toward  the  end  of  the 
month,  or  in  the  early  days  of  August  that  they  settle  down  to 
the  work  of  making  their  homes.  On  the  afternoon  of  July 
twenty-seventh,  after  some  very  lively  work  in  the  heat  of  the 
day,  we  walked  down  to  the  berry  garden  at  half  past  five 
o'clock,  rather  to  rest  ourselves  than  with  the  thought  of  under- 
taking anything  new;  but  a  wasp-hunter  cannot  afford  to  choose 
his  own  hours  and  we  thankfully  accepted  the  sending  of  for- 
tune when  we  came  upon  a  Crabro  busy  at  work  in  digging  out 
her  nest  She  had  only  begun  to  excavate  and  had  reached  a 
length  just  equal  to  that  of  her  own  body.  Her  manners  were 
an  agreeable  contrast  to  those  of  the  wasps  that  we  had  been 
watching  through  the  day.  The  feverish  excitement  of  their 
ways  seemed  quite  in  keeping  with  the  burning  heat  of  noon, 
while  Crabro^ 8  slow  and  gentle  movements  harmonized  perfect- 
ly with  the  long  shadows  of  evenii^.  To  fully  appreciate  the 
difference  between  Pompilus  or  Ammophila  and  Crahro  it  is 
necessary  to  see  them  at  work.     The  one  is  the  embodiment  of 
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all  that  is  lestleeS)  vying  with  the  humming-birds  in  swiftness 
and  energy,  while  the  other  is  calm^  quiet,  and  stately  in  all  that 
^e  does. 

Some  ten  feet  away  was  a  second  atirpicola  at  work,  and  this 
one,  to  judge  from  the  depth  to  which  she  had  penetrated,  must 
have  been  at  work  for  about  two  hours.  We  watched  them 
both  and  saw  them  bring  up  load  after  load  of  pith.  They  bit 
out  the  pellets  with  their  mandibles  and  passed  them  back  be- 
tween the  legs  and  under  the  body  until  a  quantity  had  accimi- 
ulated  above  the  tip  of  the  abdomen.  They  then  walked  back- 
ward up  the  stem  and  thus  pushed  out  the  mass  as  they  came  to 
the  top.  Often  they  used  the  hind  legs  to  assist  in  getting  it  out 
of  the  way,  sometimes  kicb'ng  it  to  a  little  distance.  Once  in 
every  two  or  three  trips  they  would  come  out  far  enough  to  ex- 
pose part  of  the  thorax.  They  appeared  and  disappeared  with 
the  regularity  of  a  machine,  never  stoping  to  rest. 

We  remained  with  them  until  seven  o'clock  when  we  placed  a 
long  large  bottle  over  each  stem  (PL  XI.,  fig.  7),  in  such  a^  way 
that  while  it  did  not  interfere  with  the  work  of  the  wasp  it 
caught  the  chips  of  pith  as  they  fell  out.  At  the  end  of  an  hour 
we  noted  the  amount  of  accumulation  in  the  tube  and  thus  had 
a  measure  of  their  rate  of  work.  The  drawing  gives  an  idea  of 
the  arrangement  of  the  tube  on  the  stem.  When  we  left  them 
•they  were  still  digging  and  delving. 

At  half  past  nine  we  took  a  lantern  and  went  down  to  visit 
our  charges.  We  expected  to  find  them  at  rest  and  asleep  but 
on  the  contrary  they  were  working  as  busily  as  ever,  and  upon 
examining  the  measuring  glasses  we  found  that  they  had  not 
paused  since  we  left  them.  We  measured  the  depth  of  the 
debris  in  the  bottles  and  then  emptied  them  for  the  night.  At 
four  o'clock  on  the  next  morning  we  went  to  the  garden  and 
were  much  surprised  to  find  that  the  two  wasps  had  worked 
without  intermission  throughout  the  night.  Indeed  they 
seemed  to  have  shortened  a  little  the  time  that  it  took  to  make 
a  round  trip  down  the  gallery  and  up  to  the  opening  again,  since 
ithere  was  more  pith  im  the  bottles  than  we  could  have  expected 
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if  they  had  worked  only  at  their  former  rate,  Neither  the 
coolness  of  the  air  nor  the  darkness  of  the  night  had  made  the 
slightest  difference  to  them.  After  watching  them  a  few  min- 
utes and  marvelling  at  their  powers  of  endnranvse,  we  cleared 
out  the  tubes  and  returned  to  bed.  At  half  past  eight  we  found 
them  still  at  work.  Unlike  us,  they  had  taken  no  morning  nap^ 
but  had  gone  on  with  their  tunneling  in  their  usual  steady  way. 

From  this  time  their  ways  diverged  and  they  must  be  de- 
scribed separately.  At  nine  o'clock  the  one  that  we  had  first 
seen  came  up  to  the  opening  walking  head  first;  and  fiew  oS^  re- 
maining away  seven  minutes.  When  she  returned  she  at  once 
resumed  her  work  and  kept  at  it  without  a  pause  until  two  in 
the  afternoon.  At  this  hour  she  went  away  and  we  never  saw 
her  again.  We  suppose  that  she  was  killed,  for  it  seems  im- 
probable that  so  faithful  a  creature  could  have  deserted  her 
half-finished  home.  Pampilus  quinquenotatus  often  deserted  a 
partly  finished  nest  for  so^e  more  enticing  spot,  and  Sphex 
started  several  excavations  before  making  a  final  choice,  but  we 
cannot  believe  that  there  was  anything  fickle  about  Crdbro. 

The  second  wasp  came  up  head  first  to  the  entrance  of  her 
hole  at  two  minutes  after  nine,  as  though  she  had  been  influ* 
enced,  in  some  subtle  way,  by  her  neighbor's  example,  but  after 
looking  about  for  a  moment  she  went  back.  She  repeated  this 
observation  several  times  and  finally,  at  twenty-five  minutes 
after  nine,  came  out  and  flew  to  a  leaf  near  by.  Then  she  cir- 
cled around,  alighting  a  number  of  times,  and,  at  last,  departed. 
Her  stay  was  brief  for  at  just  thirty-five  minutes  after  nine  she 
returned  and  at  once  settled  down  to  her  work. 

We  now  began  to  make  notes  as  to  the  length  of  time  that  it 
took  her  to  go  down  and  bring  back  her  load.  We  timed  her 
again  and  again  and  found  that  she  was  remarkably  regular, 
each  of  her  trips  occupying  from  forty-five  to  fifty  seconds. 

All  that  day  we  kept  her  under  strict  surveillance  and  never 
once  did  she  suspend  her  operations  either  for  rest  or  refrech- 
ment.  Late  in  the  afternoon  while  we  sat  watching  her  as  she 
appeared  and  disappeared  with   almost  the  regularity  of  clock 
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work,  we  found  it  difficult  to  realize  that  the  patient  little  crea- 
ture had  been  at  work  for  more  than  twenty-four  hours,  with 
only  one  brief  intermission.  Without  hurry  or  flurry  she  kept 
at  her  task,  reminding  us,  in  her  business-like  ways  of  the  social 
wasps  of  the  genus  Yespa,  When  we  left  her,  at  dusk,  we  at- 
tached the  recording  tube  to  the  stem,  and  at  ten  o'clock  in  the 
evening  we  found  that  she  had  not  stopped  working.  We 
emptied  the  glass  and  left  her. 

At  seven  o'clock  in  the  morning  of  July  twenty-ninth  we  paid 
her  a  visit,  and  could  scarcely  believe  the  testimony  of  our 
senses  when  we  saw  that  the  record  was  one  of  imceafiing  toil 
through  the  long  hours  of  the  second  night  We  began  to  won- 
der if  she  would  ever  finish  her  task.  Wonderful  though  she 
was  we  had  grown  a  little  weary  of  our  long  session  of  watch- 
ing. We  had  been  glad  that  she  worked  through  the  first  night; 
it  was  creditable  to  her  and  interesting  to  us,  and  we  admired 
her  even  more  for  sticking  to  it  through  the  second,  but  when 
it  looked  as  though  we  might  have  to  remain  by  her  side  through 
another  long  day,  watching  an  endless  eeries  of  loads  ae  they 
were  carried  out,  we  confess  that  we  thought  she  was  rather 
overdoing  it  Gradually,  however,  she  slowed  up  her  work, 
taking  two  or  three  minutes  to  make  a  journey  down  and  up. 
At  last,  at  just  nine  o'clock,  her  head  appeared  at  the  top  of 
the  stalk,  and  after  a  slight  hesitation  she  flew  away.  The  nest 
was  completed. 

We  have  studied  hymenoptera  for  a  number  of  years  and  we 
feel  that  we  are  on  terms  of  more  or  less  intimacy  with  many  of 
the  species,  but  never  before  have  we  known  one  to  work  after 
day  was  done.  We  have  often  gone  out  with  a  lantern  at  bed- 
time for  a  tour  of  inspection  among  our  nests  and  have  always 
found  the  inhabitants  quiet  and  presumably  asleep.  The  social 
wasps  are  very  industrious  but  during  the  hot  nights  of  July 
they  are  to  be  seen  clustered  together  on  the  outside  of  their  pa- 
per nests  in  deep  repose,  and  although  the  Yespa  wasps  that  nest 
in  the  ground  sometimes  come  home  late  in  the  twilight  we  have 
never  seen  them  work  after  it  was  really  dark.  Foliates  fusca 
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may  be  said  to  share  our  cottage,  so  thickly  does  she  hang  her 
combs  under  the  shelter  of  our  porches,  and  from  observations 
taken  at  all  hours  we  know  that  she  is  quiet  through  the  night. 
Sir  John  Lubbock  in  "Ants,  Bees,  and  Wasps,"  speaks  of  the 
great  industry  of  wasps.  He  has  known  them  to  work  from 
^arly  morning  until  dusk  without  any  interval  for  rest  or  re- 
freshment; but  here  was  our  little  Grahro  toiling  from  three  in 
the  afternoon  of  July  twenty-seventh,  through  that  night  and 
the  day  and  night  following  imtil  nine  o'clock  on  the  morning 
of  the  twenty-ninth, — a  period  of  forty-two  consecutive  hours 
with  one  intermission  of  ten  minutes  on  the  morning  of  the 
twenty-eighth.  Surely  she  takes  the  palm  for  industry,  not  only 
from  other  wasps  but  from  the  ant  andi  the  bee  as  well. 

The  nest  was  completed  but  the  work  of  storing  it  remained 
to  be  done.  The  wasp  flew  away  at  nine  o'clock,  and  ten  min- 
utes later  came  back  with  something,  we  knew  not  what,  for  she 
dropped  into  her  hole  so  quickly  that  she  was  oat  of  sight  almost 
before  we  knew  she  was  there.  Two  minutes  latei*  she  came  up 
and  was  off  again.  This  time  she  was  gone  twelve  minutes  and 
when  she  came  back  we  were  again  baffled  in  our  effort  to  see 
what  she  was  carrying.  When  she  came  out  she  alighted  upon 
a  leaf  and  attended  to  her  toilet,  cleaning  both  body  and  wings 
by  rubbing  them  off  with  her  hind  legs,  and  from  this  time  on 
she  never  started  on  a  hunting  expedition  without  paying  this 
attention  to  her  personal  appearance.  On  her  third  trip  she 
was  gone  twenty  minutes.  We  tried  to  delay  her  entrance, 
when  she  returned,  in  order  to  see  what  she  was  bringing  in,  but 
did  not  succeed.  In  another  twenty  minutes  she  came  home 
again  and  this  time  we  saw  that  she  was  carrying  a  small  fly. 
Her  record  for  the  rest  of  the  morning  is  as  follows: 

Eetumed.  Left 

10.28  10.30 

10-42  10.44 

11.1  11.3 

11.6  11.7 

11.23  11.26 

11.34  11.35 
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Some  of  these  last  journeys  were  merely  short  flights  arotmd 
her  domicile^  and  not  for  the  purpose  of  seeking  prey. 

We  now  left  her  but  came  back  at  half  past  two  in  the  after- 
noon. She  was  working,  and  she  kept  up  her  goings  and  com- 
ings until  four  o'clock  when  she  suspended  operations  for  the 
day.  On  the  next  morning  we  were  called  away  and  know 
nothing  of  what  she  did,  but  on  the  following  day,  July  thirty- 
&rst,  we  resumed  our  observations.  She  worked  hard  all  the 
morning,  but  in  the  afternoon  her  trips  were  few  and  were  made 
4it  long  intervals.  On  the  morning  of  August  first  she  worked 
from  eight  to  nine,  when  she  departed  and  neyer  returned.  We 
watched  for  her,  at  intervals,  all  through  that  day  and  the 
next,  when  we  were  forced  to  conclude  that  our  faithful  little 
worker  had  fallen  a  victim  to  some  bird  or  beast.  We  did  not 
disturb  the.  nest  until  the  fifth,  when  we  cut  the  stalk  and  ex- 
amined it. 

We  found  that  the  tunnel  was  thirty-nine  centimetere  in 
length.  This  was  a  long  distance  for  her  to  excavate,  and,  all 
things  considered,  her  prepress  had  been  rapid.  We  have 
opened  a  number  of  stems  that  had  been  stored  by  this  species 
and  all  the  excavations  were  from  thirty  to  forty  centimeters 
in  length,  the  width  of  the  gallery  being  about  three  and  one- 
half  millimeters,  while  on  each  side  there  was  from  one  to  one 
and  one-half  millimeters  of  pith  that  had  not  been  cut  away. 
Of  course  these  points  varied  with  the  diameter  of  the  stem  and 
also  with  the  size  of  the  worker. 

We  found  that  our  little  stirpicola  had  stored  one  cell,  had 
laid  an  egg,  and  had  built  a  partition  of  pith  across  the  stem  as 
n  fioor  to  the  second  cell,  before  her  imtimely  taking  off.  Had 
flhe  lived,  ten  or  twelve  cells  would  have  been  stored,  one  above 
the  other.  The  completed  cell  contained  a  larva  and  parts  of 
eighteen  flies  of  different  sizes,  four  species  being  represented, 
Opthirsia  punctipennis  Wlk.,  Anthomyia  sp.,  Calliphora  vomr 
itariay  and  another  that  we  could  not  identify.  The  flies  had  aU 
been  attacked  by  the  larva,  the  abdomens  of  some  and  the  tho- 
Taces  of  others  having  been  eaten.     The  larva  continued  to  eat 
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Tinta  the  seventh  and  then  spun  its  cocoon,  (PL-  XI.,  fig.  6.) 
If  we  suppose  that  two  days  passed  before  the  hatching  of  the 
egg  the  larval  life  lasted  for  six  or  seven  days. 

As  the  flies  in  the  nest  were  all  partiallj  destroyed  we  know 
nothing  of  their  condition  when  they  were  brought  in,  but  dur- 
ing the  summer  we  took  many  stalks  which  had  been  filled  by 
stirpicola  and  made  notes  on  the  state  of  the  contents.  A  de- 
scription of  one  of  these  will  serve  as  an  example  of  all  the  rest. 

On  August  ninth  we  opened  a  stalk  which  had  been  partly 
filled.  The  upper  cell  had  just  been  stored,  no  pith  partition 
having  been  made  above  it,  and  no  egg  yet  laid.  It  contained 
twenty-three  flies  of  the  species  Opthir&ia  pvnctipennis^  all  of 
them  dead,  though  plump  and  fresh.  We  examined  them  care- 
fully but  they  had  been  killed,  not  paralyzed.  They  had  been 
packed  in  very  closely.  The  cell  just  below  contained  twenty- 
two  flies  of  the  same  species,  the  larva  having  just  begun  to  eat. 
All  of  the  flies  were  dead.  We  took  them  as  well  as  those  of  the 
first  lot  and  examined  them,  one  by  one  under  a  two-thirds  ob- 
jective, lest  there  should  be  some  mistake  as  to  their  condition. 
The  third  cell  contained  twenty-two  files  which  were  dead,  as 
was  also  the  larva,  which  had  eaten  only  five  abdomens.  In 
the  f oui-th  and  last  cell  were  twenty  flies,  all  dead.  The  larva 
had  eaten  parts  of  ten  of  them  and  was  still  at  work. 

In  almost  every  instance  the  flies  were  all  dead  although  once 
in  a  long  time  we  found  one  which  gave  a  slight  response  to 
stimulation.  In  many  cases  we  found  the  larva  eating  them 
after  they  were  dry:  thus  the  evidence  of  sUrpicola  still  further 
confirms  us  in  our  belief  that  the  health  of  the  growing  larva  doe8> 
not  at  all  depend  upon  its  being  furnished  with  fresh  food. 

All  the  pupcB  that  we  have  kept  have  wintered  in  the  cocooa 
and  have  come  out  in  the  spring. 
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CHAPTER  V. 

TWO  SPIDER  HUNTERS. 

Stinging  Habits  of  Salius  conioua  Say. 

At  noon  on  the  third  daj  of  August  we  saw  this  little  black 
wasp  hunting  for  prey.  (PI.  XTTT.,  fig.  2.)  She  was  on  the 
ground,  mnning  around  and  around  the  baee  of  a  weed,  the 
place  seeming  to  interest  her  greatly.  Before  long  she  discov- 
ered a  tiny  male  Lycosid  and  dashed  at  it,  but  the  spider  es- 
caped. Apparently  accustomed  to  such  mishaps  she  began  to 
move  very  rapidly  in  a  circle  around  the  place  where  she  had 
lost  her  prey.  She  was  greatly  excited  and  moved  with  mar- 
vellous celerity,  but  never  once  used  her  wings.  We  have  one 
wasp  (Pompilu8  gumquenotatus)  whose  movements  suggest  a 
tornado,  but  this  new  depredator  had  the  ways  of  a  whirlwind. 
As  the  ciTcles  narrowed  she  again  caught  sight  of  her  victim  and 
made  another  dash  but  met  the  same  fate  as  before.  The  Lycosid 
was,  in  his  way,  quite  as  much  of  a  runner  and  jumper  as  his 
enemy  and  the  contestants  were  well  matched.  Four  times 
in  succession  the  wasp  attacked  but  failed  to  grasp  her  victim, 
but  at  last  she  succeeded  and  the  two  rolled  over  and  over  in 
deadly  embrace.  Lest  they  should  escape  we  placed  our  collect- 
ing bottle  over  them  and  at  this  they  separated,  but  as  soon  as 
the  glass,  with  them  in  it,  was  lifted  up,  the  wasp  threw  herself 
upon  the  unfortunate  spider,  seized  him  by  the  head,  and  bend- 
ing her  long  slender  body  around  and  underneath  thrust  her 
sting  into  the  middle  of  the  underside  of  the  oephalothorax. 
Almost  instantly  the  spider  collapsed.  As  we  turned  the  glass 
they  fell  apart,  and  again  she  dashed  at  her  victim  and  with  as 
much  ardor  as  before  gave  a  second  thrust  after  the  manner  of 
the  first  She  then  seized  a  leg  and,  moving  backward  like 
PompiluSy  began  to  drag  her  booty  about 
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Full  of  excitement  we  hurried  about  and  caught  another  spi- 
der, a  female  of  the  same  genus  but  of  a  different  species. 
Would  she  take  it?  Not  at  all.  She  had  her  preferences  and 
was  too  good  a  systematist,  as  Fabre  would  say,  to  be  confounded 
by  such  a  procedure.  Again  we  rushed  off  and  hunted  over  the 
field  untU  we  caught  sight  of  a  male  of  the  species  that  she  had 
just  taken.  These  little  spiders  run  like  lightning  and  are  very 
difficult  to  catch,  but  after  a  long  chase  he  was  captured  and  we 
were  ready  for  our  second  experiment  Thirty  minutes  had 
passed  since  we  left  the  wasp  and  we  feared  that  her  zeal  for 
game  might  have  abated  but  as  we  put  the  spider  in  at  one  end 
of  the  glass  she  recognized  it  from  the  other,  pounced  upon  it, 
and  laying  hold  as  she  had  before,  delivered  her  sting  to  one  side 
of  the  middle  of  the  ventral  face  of  the  thorax.  We  were  hold- 
ing the  glass  so  that  the  combatants  were  in  full  view  and  the 
whole  affair  was  watched  from  step  to  step.  This  was  the  third 
time  that  we  had  seen  the  sting  given  but  we  wanted  further 
evidence.  We  shook  the  two  apart,  and  for  the  fourth  time  saw 
this  enemy  of  the  arachnids  do  her  deadly  work. 

Thus  we  learned  the  method  of  Salius  in  capturing  her  prey, 
but  we  were  still  in  doubt  as  to  the  effect  of  the  operation  just 
performed  under  our  eyes.  Was  it  a  dead  body  that  she  was 
dragging  about  the  glass  or  had  her  cunning  reduced  the  poor 
little  spider  to  an  inert  mass  of  living  matter,  paralyzed,  not 
killed?  Both  of  the  limp  Lycosids  were  submitted  to  a  care- 
ful examination.  We  tested  their  legs  and  stimulated  their 
falces  but  there  were  no  responsive  twitchings  and  after  patient 
study  we  concluded  that  both  were  dead.  At  evening  we  ex- 
amined them  again  with  the  same  result  On  the  next  day  and 
the  day  following  we  looked  for  signs  of  life  but  failed  to  find 
them.  The  thrust  of  the  wasp  was  fatal — ^it  is  not  a  mere  hurt 
that  she  inflicts  but  a  death-blow.  What  shall  we  say  of  her? 
that  she  is  a  mere  butcher,  and  not  the  skilled  operator  that 
we  expected  her  to  be?  For  our  part  we  make  no  accusationa 
nor  do  we  propose  to  intrude  our  notions  into  her  affairs.  Her 
ways  are  doubtless  the  fittest  for  her  purpose  and  to  call  the  killer 
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brutal,  or  the  paralyzer  cruel  is  to  do  a  wrong  to  the  whole  race 
of  wasps.  It  may  be  that  other  species  of  Salius  deal  differ^ 
ently  with  their  victims,  just  as  the  French  Pelopaei  always  kill 
their  spiders  while  ours  often  only  paralyze,  but  8,  con/Ums  gives 
a  fatal  thrust. 

At  another  time  we  saw  one  of  these  little  wasps  running 
backward  with  a  small  Lycosid  in  her  mandibles.  She  dropped 
it  repeatedly  to  rush  about  as  though  looking  for  something. 
Soon  she  came  to  a  small  fresh  looking  hole  which  ran  down 
obliquely  and  into  this  she  backed  with  the  spider.  Half  on 
hour  later  she  came  out  and  we  then  attempted  to  open  the  nest, 
but  the  tunnel  ran  into  a  large  cavity  that  had  been  filled  by  a 
piece  of  decaying  wood  and  we  could  not  trace  it. 

Aporus  fasctatus  Smith. 

This  is  a  dark  gray  species  and  is  less  than  half  an  inch  in 
length.  (PI.  XIII.,  fig.  5.)  We  were  working  one  day  in  the 
melon  field  when  we  saw  one  of  these  little  wasps  going  back- 
ward and  dragging  a  female  of  Maevia  vittata  which  waa  much 
larger  than  she  was  herself.  She  twice  left  it  on  the  ground 
while  she  circled  about  for  a  moment,  but  soon  carried  it  up 
onto  one  of  the  large  melon  leaves  and  left  it  there  while  she 
made  a  long  and  careful  study  of  the  locality,  skimming  close 
to  the  ground  in  and  out  among  the  vines;  at  length  she  went 
under  a  leaf  that  lay  close  to  the  ground  and  began  to  dig.  After 
her  head  was  well  down  in  the  ground  we  broke  off  the  leaf 
that  we  might  see  her  method  of  work.  She  went  on  for  ten 
minutes  without  noticing  the  change  and  then,  without  any 
circling,  flew  off  to  visit  her  spider.  When  she  tried  to  return 
to  her  hole  it  was  evident  that  some  landmark  was  missing. 
Again  and  again  she  zig-zagged  from  the  spider  to  the  nesting- 
place,  going  by  a  sort  of  a  path  among  the  vines  from  leaf  to 
leaf  and  from  blossom  to  blossom,  but  when  she  reached  the 
spot  she  did  not  recognize  it.  At  last  we  laid  the  leaf  back  in  its 
place  over  the  opening,  when  she  at  once  went  in  and  resumed 
her  work,  keeping  at  it  steadily  for  ten  minutes  longer.     At 
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this  point  she  suddenly  reyersed  her  operations  and  began  to 
fill  the  hole  that  she  had  made,  kicking  in  the  earth  until  the 
entrance  was  hidden.  She  then  glanced  at  the  spider,  selected 
a  new  place  and  began  to  dig  again.  Surprisingly  large  pellets 
of  earth  were  carried  out,  backward,  and  loose  dirt  was  kicked 
under  the  body  by  the  first  legs.  At  the  end  of  two  or  three 
minutes  she  paused  and  remained  perfectly  still  for  a  time.  She 
was  considering  the  situation.  Her  conclusion  was  adverse  to 
the  locality  for  she  soon  filled  in  the  hole,  looked  once  more  at 
the  spider  and  started  a  third  nest  in  a  new  place.  This  in 
turn  was  soon  abandoned  as  was  also  a  fourth.  The  fifth  begin- 
ning was  made  under  a  leaf  that  lay  close  to  the  ground,  so  that 
we  could  not  see  her  at  all.  We  had  now  watched  her  for  an 
hour  in  the  intense  heat  of  noonday  and  most  devoutly  did  we 
hope  that  she  was  suited  at  last,  but  no — ^af  ter  twenty  minutes' 
work  this  place  also  was  abandoned  and  a  sixth  nest  started. 
This,  however,  was  the  final  choice  and  after  forty-five  minutes 
spent  in  digging  it  was  completed.  As  the  spider  was  brought 
toward  the  nest  it  was  left  again  and  again  while  the  nervous 
little  wasp  flew  to  the  hole,  went  in,  examined  and  came  out 
again.  At  last  she  backed  in,  caught  the  spider  by  the  ab- 
domen and  dragged  it  down.  It  was  too  big— the  head  stuck 
in  the  hole;  but  she  pulled  from  below  while  we  pushed  gently 
from  above  and  it  slowly  disappeared.  When  she  came  out  we 
opened  the  nest  and  took  the  spider.  The  egg  was  fastened  to 
the  middle  of  the  left  side  of  the  abdomen.  This  one,  as  was 
also  the  case  with  a  second  and  third  afterward  taken  from 
fasciatus,  was  much  less  affected  by  the  poison  than  is  usual 
among  the  victims  of  solitary  wasps,  moving  from  the  time  it 
was  taken,  without  any  stimulation,  and  improving  rapidly  from 
day  to  day.  Our  second  spider  appeared  to  be  blind,  and  died 
upon  the  sixteenth  day,  while  the  third  had  entirely  recovered 
by  the  seventeenth  day  after  it  was  stung,  and  was  released. 
FcLsdatuSf  then,  probably  depends  upon  packing  her  victim  in 
tightly  to  keep  it  quiet 
It  was  three  days  and  a  half  before  the  egg  that  we  had  taken 
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hatched.  The  larva  developed  rapidly  retaining  its  hold  at  the 
spot  to  which  the  mother  had  attached  it.  The  spider  remained 
alive  for  six  days,  and  the  larva  continued  to  grow  for  two  days 
longer  when  it  died  also,  being  at  the  time  about  two-thirds 
grown.  We  had  great  trouble  in  protecting  our  growing  larvse 
from  the  inroads  of  fungi  and  this  was  one  of  the  many  that 
perished  from  that  cause. 

The  next  example  of  fasciattis  that  came  under  our  notice  was 
a  remarkable  contrast  to  the  one  that  we  have  just  described, 
being  as  slow  and  dignified  as  the  other  was  nervous  and  hurried. 
She  chose  a  place  and  kept  to  it,  her  steady  labor  being  only 
interrupted  by  occasional  visits  to  the  spider,  but  it  took  her 
fifty  minutes  to  complete  the  nest.  When  finished  it  was  a 
amall  gallery  running  down  obliquely  for  an  inch  and  a  half 
into  the  ground. 

The  three  spiders  taken  from  fasciatus  were  all  Attidae  but 
represented  three  different  genera,  PhidippuSy  Attus,  and 
Maevia. 

The  one  habit  that  this  species  can  claim  as  peculiu  to  itself 
is  that  of  filling  up  the  partly  made  nests  that  it  is  about  to 
■abandon.  We  have  never  seen  the  sense  of  order  carried  to  so 
high  a  point  in  any  other  wasp. 

Our  observations  on  fdsciatus  were  made  between  July 
thirtieth  and  August  twenty-fifth. 
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CHAPTER  VI. 

AN  ISLAND  SETTLEMENT. 

Bembex  sphiolae  St.  Fargeau. 
Plates  n.,  fig.  6;  VL;  XI.,  4. 

When  we  fouad  that  our  field  of  work  was  so  rich  in  material 
that  we  could  not  possibly  do  it  justice  we  brought  the  children: 
of  the  family  on  to  the  ground  as  assistants,  and  it  is  to  our  boy 
George  that  we  owe  the  discovery  of  the  Bembex  colony.  On 
returning  from  an  expedition  to  an  island  in  the  lake  close  by^ 
he  reported  that  he  had  found  a  lot  of  bees  or  wasps,  he  did  not 
know  which,  and  upon  going  to  investigate  the  matter  we  foimd 
a  bare  space  of  soft,  rich  earth,  about  eight  feet  wide  by  ten  feet 
long,  fairly  riddled  with  the  holes  of  Bembex  spinoldc. 

These  wasps  are  about  three-quarters  of  an  inch  long  and  are 
broad,  heavy  and  somewhat  clumsy,  being  shaped  much  like 
bees.  In  color  they  are  black,  banded  with  bluish  white.  (PI. 
II.,  fig.  6.)  On  this,  our  first  visit,  the  weather  was  hot  and 
sunny  and  the  ground  as  well  as  the  air  above  it  was  alive  with 
the  large,  showy  wasps.  Our  arrival  on  the  ^ene  was  the  sig- 
nal for  a  general  hubbub.  Evidently  we  were  not  personae 
gratae  to  their  majesties,  for  with  a  most  intolerable  buzzing: 
they  darted  at  us  on  all  sides  at  once,  chasing  us  for  some  dis- 
tance as  we  retreated,  and  when  they  turned  back  and  left  us  in 
peace  we  were  surprised  to  find  that  no  wounds  had  been  in- 
flicted. The  battle  had  been  all  sound  and  fury  signifying 
nothing.  With  renewed  courage  we  again  approached  them,, 
more  cautiously  this  time,  and  soon  learned  that  if  we  preserved 
an  extremely  composed  and  dignified  demeanor  our  presence 
on  the  field  would  be  tolerated . 

BembeXy  like  Philanthm  and  some  species  of  SpheXy  lives  in 
a  sort  of  semi-social  state,  a  number  of  individuals  occupying 
the  same  space  of  ground,  although  each  one  has  its  separate 
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nest  BenibeXy  however,  differs  from  these  genera  and  from 
almost  all  of  the  solitary  wasps  in  her  habit  of  feeding  her  young 
from  day  to  day,  or  rather  from  hour  to  hour,  as  long  as  it  re- 
mains in  the  larval  state.  This  difference  in  her  maternal  carea 
as  compared  with  those  of  other  species  results  in  a  less  numer- 
ous progeny.  The  larva,  for  a  period  of  two  weeks,  demands 
constant  attention  from  the  mother,  so  that  a  second  egg  cannot 
be  laid  until  the  first-bom  has  gone  into  its  cocoon,  unless,  in- 
deed, she  feeds  two  larvae  at  once,  which  does  not  seem  prob- 
able. The  season  of  work  is  ten  or  twelve  weeks  so  that  Wesen- 
berg  is  probably  correct  in  allowing  only  five  or  six  young  ones, 
to  each  mother  for  the  summer.* 

In  watching  our  wasps  we  found  that  the  new  nests  were 
usually  made  in  the  out-skirts  of  the  colony  which  was  thus 
continually  extending  its  limits.  Like  many  other  species  Bern- 
hex  has  great  difficulty  in  deciding  just  where  to  dig.  Our 
Sphex  made  three  beginnings  before  finally  settling  down. 
The  only  Ammophila  that  we  watched  from  the  beginning 
changed  her  place  after  working  for  ten  minutes.  P.  quinque- 
notntus  often  tried  half  a  dozen  places  before  she  was  satisfied^ 
and  spinolae  is  quite  as  difficult  to  please. 

When,  at  last,  the  right  place  is  found,  the  labor  of  excavation 
is  carried  on  vigorously.  The  mandibles  are  used  for  loosening 
the  earth  and  for  lifting,  but  the  greater  part  of  the  work  is 
done  with  the  first  pair  of  legs,  the  tarsi  of  which  are  doubled 
up  while  the  dirt  is  swept  out  with  the  brush  of  stiff  spiny  hairs 
on  the  second  joint.  This  attitude  gives  them  a  very  comical 
aspect,  making  them  look  as  if  they  were  sweeping  with  their 
elbows.  They  sometimes  lie  far  over  to  one  side  while  loosen- 
ing the  earth  with  their  mandibles.  While  digging,  the  body 
is  held  high  by  the  straightening  of  the  third  pair  of  legs  and 
the  dirt  comes  out  behind  in  a  rapid  stream,  flying  to  a  distance 
of  three  or  four  inches.  Before  long  the  wasp  is  lost  to  sight 
but  every  few  moments  she  comes  backing  out,  pushing  behind 
her  the  dirt  that  she  has  displaced  below.      In   about  fifteen 
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minutes  the  nest  is  ready  and  tte  wasp  turns  her  attention  to 
scattering  all  the  dirt  that  has  been  thrown  out,  sweeping  the 
ground  clean  so  that  no  sign  of  her  work  remains.  We  have 
often  speculated  as  to  the  meaning  of  the  careful  and  consci- 
entious performance  on  this  part  of  her  task.  With  those  wasps 
that  nest  by  themselves  it  is  not  easy  to  see  what  enemy  they 
are  providing  against  in  hiding  the  entrance  to  the  nest,  but  the 
precaution  seems  still  more  imnecessary  and  even  absurd  in  the 
Bembex  field,  where  there  is  no  possibility  of  concealing  the 
colony,  and  where  the  nesta  are  only  an  inch  or  two  apart  so 
that  an  enemy  might  burrow  anywhere  with  the  certainty  of 
finding  one.  Moreover,  the  only  enemy  that  we  could  discover 
was  the  parasitic  fly  which  never  attempts  to  enter  when  the 
hole  is  closed.  However,  unmoved  by  our  opinion  on  the  sub- 
ject, spinolae  spends  five  or  six  minutes  of  her  precious  time  in 
making  the  neighborhood  of  her  home  quite  tidy,  and  then  she 
fills  in  the  mouth  of  the  nest  with  a  little  loose  earth  before 
going  away  to  catch  her  fly. 

Oxybelus,  though  she  is  limited  in  choice  by  her  small  size, 
can  catch  a  fly  in  three  or  four  minutes.  Bembex  is  strong 
enough  to  take  anything  that  she  sees,  and  she  has  no  preference 
for  one  species  above  another,  yet  she  seldom  finds  one  under 
twenty  or  twenty-five  minutes.  When  she  comes  back  nothing 
of  the  fly  is  visible  unless  it  is  unusually  large,  so  closely  is  it 
held  under  her  bodv  by  the  second  pair  of  legs.  She  alights 
and  scratches  away  the  loose  earth  at  the  entrance  of  the  nest 
with;her  first  legs,  and  then,  as  she  creeps  within,  she  passes  the 
fly  along  from  the  second  to  the  third  pair,  so  that  the  end  of 
its  body,  projecting  beyond  the  abdomen  of  the  wasp,  is  visi- 
ble for  an  instant  before  it  is  carried  inside.  Sometimes  she 
drops  the  fly  behind  her  and  then,  turning  around,  pulls  it  in 
with  her  mandibles.  In  other  cases,  where  a  longer  portion  of 
the  tulmel  has  been  filled  with  earth,  the  fly  is  left  lying  on  the 
ground  while  the  wasp  clears  the  way.  This  offers  a  favorable 
opportunity  to  parasites,  especially  as  the  fly  is  not  placed  with 
any  regard  to  its  safety  but  is  dropped  anywhere.    The  dirt  that 
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is  kicked  out  Bometimes  covers  it  over  so  that  when  thje  way  is 
clear  the  careless  proprietor  must  search  it  out  and  clean  it  off 
before  she  can  store  it  away.  In  one  instance,  in  which  we  had 
been  opening  a  nest  close  by,  the  tunnel  was  entirely  blocked 
by  the  loose  earth  which  we  had  disturbed,  and  the  wasp  worked 
for  ten  minutes  before  she  opened  a  way  to  her  nest  During 
part  of  this  time  she  held  the  fly,  but  when  she  realized  that  it 
was  going  to  be  a  long  piece  of  work  she  laid  it  down  near  by. 
As  the  wasp  enters  she  sometimes  leaves  the  hole  open  behind 
her,  but  of tener  fills  it  by  pushing  up  earth  from  below.  When 
she  comes  out  again  she  throws  in  a  little  dirt  and  then  b^ins 
to  circle  about  the  place.  She  seems  not  quite  easy  about  the 
nest,  however,  returning  three  or  four  times  to  scratch  earth 
over  the  entrance,  before  finally  taking  her  departure. 

We  opened  a  good  many  nests  in  the  course  of  the  summer 
and  found  them  all  very  much  alike,  much  more  so  than  is  the 
case  with  other  species.  The  entrance  txmnel  runs  in  obliquely 
for  from  three  to  five  inches  below  the  surface  of  the  ground,  as 
is  seen  in  the  drawing.     (PI.  XI.,  fig.  4.) 

We  grow  accustomed  to  marvels  and  from  our  familiarity 
with  other  wasps  we  take  as  a  matter  of  course  the  unerring  ac- 
curacy with  which  Benibex  swoops  down  upon  the  exact  spot 
at  which  the  entrance  to  her  nest  is  hidden.  And  yet  how 
strange  a  power  it  is!  There  is  not  the  least  sign  to  help  her — 
not  a  stone,  not  a  blade  of  grass  is  to  be  seen  on  the  field.  Our 
method  of  marking  a  nest  which  we  wished  to  find  again  was 
to  place  tiny  pebbles  at  exactly  equal  distances  from  it,  one  on 
either  side,  so  that  the  middle  point  of  the  straight  line  between 
them  gave  us  the  desired  spot  By  what  mysterious  insight 
does  the  mother  wasp,  returning  with  food  for  her  young,  rec- 
ognize that  undifferentiated  spot  of  ground  as  the  portal  of  her 
home? 

We  once  smoothed  over  the  entrance  to  a  n^  after  seeing 
the  wasp  go  out,  pressing  down  the  earth  to  make  the  surface 
smooth  and  compact.  When  the  owner  came  back  she  seemed 
greatly  puzzled,  circling  about  and  aUghting  several  times.    At 
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last  she  made  up  her  mind  as  to  the  spot  where  the  entrance  had 
been  and  began  to  loosen  the  earth  with  her  mandibles.  It  re- 
quired a  good  deal  of  digging  and  sweeping  to  open  up  the  gal- 
lery but  she  finally  succeeded. 

A  curious  thing  about  these  wasps,  and  one  which  shows  how 
much  common  feeling  they  have,  is  that  they  work  in  waves, 
all  starting  off  on  their  hunting  expeditions  within  a  few  min- 
utes of  each  other,  and  returning  together  after  the  chase.  At 
one  time  all  the  residents  seem  to  be  present,  digging  their  nests, 
^^rrying  in  their  booty,  dashing  at  each  other  and  chasing  the 
parasites  with  a  tremendous  amount  of  humming  and  swoop- 
ing about.  Then  suddenly  they  are  all  gone.  Nothing  remains 
but  multitudes  of  flies  which  keep  up  a  giddy  dance  over  the 
field,  and  for  ten  or  fifteen  minutes  the  place  seems  deserted. 
Then  the  wasps  begin  to  return,  several  coming  at  a  time,  and 
.as  if  by  magic  the  whole  scene  awakens  to  life.  More  than 
half  of  the  wasps  bring  nothing  home  with  them,  and  these  fall 
to  robbing  their  more  fortunate  companions.  Those  that  are 
•carrying  flies  must  pause  a  moment,  burdened  as  they  are,  to 
^scratch  away  the  earth  at  the  entrance  to  the  nest.  When  un- 
molested they  go  in  very  quickly,  but  it  is  just  at  this  point  that 
the  marauders  fall  upon  them,  displaying  an  amount  of  per- 
■sistence  and  energy  in  their  attacks  that,  were  it  properly  di- 
rected, might  easily  enable  them  to  secure  flies  for  liemselves. 

We  once  saw  a  wasp  that  had  been  fortunate  enough,  or 
perhaps  unfortunate  enough,  to  catch  an  immense  fly,  the  wings 
of  which  stood  out  on  both  sides  very  conspicuously.  This 
made  her  an  especial  mark  for  her  unprincipled  relatives.  Half 
a  dozen  of  them  chased  her  about  like  chickens  pursuing  one 
of  their  mmiber  that  has  found  a  worm.  She  circled  and  set- 
tled and  circled  and  swooped  around  for  five  or  six  minutes, 
continually  pursued  and  attacked  by  the  robbers,  and  quite  im- 
able  to  get  into  her  nest.  At  last,  curious  to  see  what  she  was 
carrying,  we  made  her  drop  the  fly  and  secured  it  for  ourselves. 
We  found  it  to  be  Tahanua  atraUis.      It  was  quite  dead  but 
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showed  no  marks  of  violence.     It  was  not  wasted  for  we  after- 
ward fed  it  to  one  cf  our  wasp  nurslings  at  home. 

At  another  time  we  saw  one  wasp  attack  another  that  was 
bringing  in  a  fly.  In  the  struggle  that  ensued  the  owner  lost 
her  booty,  as  the  two  rolled  over  and  over  on  the  ground.  As 
they  parted  it  was  seized  by  the  thief.  They  clinched  again 
;and  rolled  on  the  ground  as  before,  and  this  time  the  fly  was 
recovered  by  the  rightful  owner.  At  this  point,  thinking  that 
perhaps  one  of  the  wasps  was  a  male,  and  that  this  might  be 
their  style  of  courtship,  we  seized  both  of  them,  whereupon  the 
fly  was  dropped  and  the  two  wasps  turned  their  attention  to  at- 
tacking us.  Both  proved  to  be  females.  Not  only  do  the 
Bembecids  fight  in  this  way  for  the  possession  of  their  prey, 
they  even  quarrel  without  any  apparent  cause.  "We  have  seen 
two  females  digging  their  nests  at  a  little  distance  apart,  one  of 
which  was  repeatedly  attacked  by  the  other  although  she  did 
nothing  to  provoke  the  aggressor.  They  are  certainly  very  un- 
nrighborly  and  have  no  idea  of  living  in  harmony.  When  fly- 
ing in  a  threatening  manner,  either  at  us  or  at  each  other,  they 
have  a  way  of  wagging  their  abdomens  violently  from  side  to 
«ide  in  a  way  well  calculated  to  inspire  terror. 

In  warm  sunny  weather  spinolae  works  industriously  through 
the  middle  of  the  day  and  seems  determined  to  provide  abund-' 
antly  not  only  for  her  own  offspring  but  for  any  unbidden 
guests  that  it  may  be  her  fate  to  care  for.  She  never  works 
more  than  four  or  five  hours  a  day,  however,  and  in  unfavorable 
weather  she  does  not  work  at  all.  On  going  over  to  the  island 
one  cloudy  morning  to  spend  some  hours  in  watching  the  Bemr 
hex  activities,  we  found  the  spot  quiet  and  lifeless.  No  one 
seeing  it  for  the  first  time  would  have  dreamed  of  the  multi- 
tudes of  living  creatures  beneath  his  feet.  The  nests  seemed 
to  be  all  closed,  but  on  peering  curiously  about  we  found  one  on 
sloping  ground,  in  the  suburbs  of  the  colony,  of  which  the  door 
was  open.  Just  within  was  the  proprietor  gazing  out  on  the 
landscape,  as  she  is  shown  in  the  illustration.  (Plate  VI.)  She 
seemed  to  leaning  on   her  elbows,  and  her  face,  enlivened  by 
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two  great  goggle  eyes,  had  an  irreeiBtibly  comical  aspect  "With 
the  exception  of  the  omnipresent  flies,  this  wasp  was  the  only 
sign  of  life  about  the  place.  Even  in  good  weather  and  in 
working  hours,  the  wasps  sometimes  rest,  for  we  have  seen 
them  go  in  empty  handed,  closing  the  door  behind  them,  to 
remain  for  half  an  hour  at  a  time. 

There  is  one  thought  that  must  strike  the  most  casual  ob* 
server  of  a  colony  like  this.  "Why  do  not  these  wasps,  fly- 
catchers as  they  are  by  profession,  kill  the  parasitic  flies  that 
infest  their  homes,  thriving  abimdantly  on  the  fruits  of  their 
labor,  a  contintial  menace  to  the  life  and  safety  of  their  off- 
spring? To  the  uninitiated  it  would  seem  that  these  flies  would 
serve  as  food  for  the  wasp  larvae  quite  as  well  as  any  of  the 
dozen  species  that  they  actually  take,  but  even  if  the  wasp^mother 
believes  that  they  possess  indigestible  qualities,  it  would  be 
much  less  trouble  to  Idll  them  and  throw  them  away  than  to  be 
perpetually  chasing  them  to  a  little  distance  only  to  see  them 
return  as  soon  as  she  gives  her  attention  to  anything  else. 
"Whatever  the  reason  for  it  may  be  the  relation  between  the 
wasps  and  the  flies  is  certainly  most  curious  and  puzzling. 
Fabre's  explanation  is  that  since  this  miserable  littie  fly  has  its 
own  part  to  play  in  nature,  Bembew  must  respect  it,  thus  pre- 
serving harmony  in  the  world  of  living  things.  The  idea  is 
perfectly  in  accord  with  his  own  theories,  but  we  find  ourselves 
quite  unable  to  accept  it 

There  can  be  no  doubt  that  the  parasites  are  a  grave  danger 
to  Bembex.  She  suffers  from  them  far  more  than  any  other 
wasp  that  we  are  familiar  with,  her  mode  of  feeding  the  young 
rendering  her  peculiarly  susceptible  to  their  attacks.  Of  the 
ten  or  twelve  neets  that  we  opened  only  one  was  free  from 
them,  the  others  containing  from  two  to  five  lively  maggots 
nearly  as  large  as  the  wasp  larvse,  which  were  sharing  the  food 
brought  in  by  the  mother.  Fabre,  who  has  studied  the  quesr 
tion  thoroughly,  has  found  as  many  as  ten  parasitic  larvae  in  one 
nest.  He  has  also  noticed  that  where  the  parasites  are  most 
numerous  the  wasp-larva  is  proportionately  small  and  cjnaciat- 
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ed,  reaching  only  one-half  or  one-third  of  its  normal  size. 
When  it  attempts  to  spin  its  cocoon  it  has  not  strength  enough 
to  do  so  and  thus  perishes  miserably  among  the  pupsB  of  the  in- 
terlopers, which  have  the  advantage  of  developing  more  rapidly. 
He  has  proved,  by  experiments  upon  nests  transported  to  his 
study,  that  although  the  invaders  preserve  friendly  relations 
with  the  rightful  owner  of  the  nest  so  long  as  food  is  abundant, 
they  nevertheless,  at  the  first  suggestion  of  scarcity,  fall  upon 
the  wasp  larva  and  ruthlessly  devour  it  This  "black  action" 
he  has  seen  with  his  own  eyes.  In  view  of  this  base  ingratitude 
we  are  more  than  ever  impressed  with  the  troubles  of  the  poor 
Benibex  mother  as  she  tries  to  feed  a  dozen  mouths  where  she 
has  bargained  for  only  one. 

We  several  times  saw  a  fly  follow  a  wasp  into  her  nest,  re- 
maining within  for  half  a  minute,  and  it  is  probable  that  they 
go  in  to  lay  their  eggs.  According  to  Fabre,  it  is  the  habit  of 
the  flies  that  are  parasitic  upon  the  half-dozen  species  of  Bem- 
hex  that  he  has  studied  to  seize  the  moment  at  which  the  fly 
projects  from  imder  the  abdomen  of  the  wasp  as  she  enters  the 
nest,  and  he  has  even  known  them  to  lay  two  or  three  eggs  on 
one  fly  in  the  instant  of  time  that  its  body  was  exposed. 

When  we  first  found  the  colony  on  August  tenth,  it  was 
strong  in  numbers,  and  it  continued  to  grow  up  to  the  first  of 
September.  On  going  over  one  day  in  the  middle  of  August 
we  found  a  good  deal  of  work  going  on,  but  to  our  surprise  the 
flies  had  disappeared.  A  careful  search  showed  only  two  in- 
stead of  the  usual  numbers.  Their  place  was  taken  by  dozens 
of  little  wasps,  which  proved  to  be  Pompilus  Mguttatus  Fabr. 
These  wasps  seemed  to  be  merely  loafing  about  amusing  them- 
selves, neither  eating  nor  working.  Whether  their  presence  was 
in  any  way  connected  with  the  absence  of  the  flies  we  are  un- 
able to  say  but  it  seems  probable  that  they  had  congregated  on 
the  Bembex  groimd  merely  because  it  was  an  open  spot,  since 
on  looking  about  we  found  them  covering  every  open  sunny 
space  that  the  island  afforded. 

Fabre  took  a  partly  grown  Bembex  larva  from  the  nest,  where 
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it  was  surrounded  by  the  remains  of  twenty  flies.  He  fed  it 
generously  and  it  ate  sixty-two  more,  making  a  total  of  eighty- 
two  in  the  eight  days  that  poased  before  the  spinning  of  the 
oocoon.  Our  experiments  in  this  line  gave  similar  results.  We 
todk  charge  of  a  partly  grown  larva  on  the  afternoon  of  August 
tenth  and  between  that  date  and  August  fifteenth,  when  it  spun 
its  coooon,  it  ate  forty-two  house  flies  besides  a  big  Tabanus. 

Fabre  thinks  that  ^mder  natural  conditions  the  mother  does 
not  give  the  larva  all  it  can  eat  at  one  time  but  provides  it  with 
what  she  considers  a  reasonable  amount  of  food,  and  keeps  any- 
thing that  she  catches  beyond  this  out  of  its  reach.  He  draws 
his  conclusion  from  the  fact  that  he  has  found  several  flies  in 
the  tunnel  leading  to  the  nest,  while  the  larva  had  as  many 
more  close  to  it  It  would  certainly  be  convenient  for  Benihex 
to  have  a  reserve  of  this  kind  in  case  of  rainy  weather,  but 
the  forethought  required  for  such  an  action  seems  to  require  a 
higher  degree  of  intelligence  than  can  be  claimed  for  her. 

In  one  nest  we  found  a  single  fly  with  a  long  cylindrical  egg 
attached  to  the  left  side  of  the  thorax  just  at  the  origin  of  the 
third  leg.  In  another,  which  we  had  seen  made  and  provis- 
ioned, we  found,  six  days  later,  a  larva  which  we  judged  to  be 
four  days  old.  Assuming  that  the  egg  was  laid  on  the  first  day 
it  must  have  taken  it  about  two  days  to  hatch.  Other  nests 
gave  us  larvsB  in  all  stages  of  development,  surrounded  by  the 
remains  of  diptera,  among  which  SyrphuSy  TahanuSj  and  Musca 
were  represented. 

In  regard  to  the  condition  of  the  flies  captured  by  Benibex 
we  have  never  seen  the  crushing  of  the  thorax,  which  is  noted 
by  both  Wesenberg  and  Fabre.  Indeed  the  flies  that  we  found 
were  not  always  dead,  since  in  two  instances  they  responded 
readily  to  stimulation.  Similar  results  have  been  obtained  by 
Mr.  S.  W.  Dunning  of  Hartford,  Connecticut,  whose  note  on 
the  subject  is  as  follows: 

"One  female  observed  around  burrow.  Burrow  ran  at  an  angle  of 
40*^  from  surface,  was  4-5  inches  deep  and  contained  one  larva  and  a 
number  of  partially  destroyed  and  some  wkole  diptera.    Those  that 
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were  whole  quivered  the  legs  on  proTocation.  Larra  was  1-3  of  an 
inch  long.  The  flies  consisted  of  one  small  AHlid^  one  Syrphus,  and 
one  Blue-bottle,  with  three  or  four  other  partially  destroyed  and 
smaUer  species." 

Twice  we  have  seen  our  spinokLe,  as  she  was  bringing  home 
her  prey,  alight  near  the  nest  and  sting  it  as  it  was  held  with 
the  second  pair  of  legs.  We  could  see  the  process  distinctly  since 
she  is  slow  and  clumsy,  and,  in  one  instance,  had  difficulty  in 
reaching  the  fly,  falling  over  to  one  side  in  an  awkward  manner. 
It  is  probable,  then,  that  this  is  a  habit  with  the  wasp,  but  that 
the  sting  is  usually  given  at  the  place  of  capture. 

Fabre  explains  the  habits  of  Bembex  in  regard  to  feeding  her 
young  by  the  nature  of  her  prey.  Diptera  must  be  seized  while 
in  rapid  motion — therefore  they  are  likely  to  be  crushed  and 
killed  as  there  is  no  time  for  nicety  of  handling.  They  contain, 
relatively,  but  a  small  amount  of  moisture — ^therefore  they  can- 
not resist  desiccation  and  would  become  unfit  for  food  if  they 
were  stored  up  in  numbers  to  last  through  the  period  of  larval 
life. 

This  seems  reasonable,  although  we  know  that  Bembex  can, 
since  she  often  does,  catch  her  flies  so  delicately  that  not  a  hair 
is  injured.  As  to  the  rapidity  of  desiccation,  this  would 
scarcely  hold  true,  for  the  crickets  used  by  Lyroda  in  feeding 
her  young  from  day  to  day,  and  at  any  rate,  some  of  the  big, 
soft-bodied  flies  that  are  taken  by  Bembex  are  quite  as  juicy  as 
the  Odstera'^anthidaey  beloved  oiPelopaeua  fistulariB*  or  as 
some  of  the  beetles  taken  by  Cerceris.  Be  that  as  it  may,  we 
have  another  suggestion  to  offer. 

May  it  not  be  that  instead  of  having  departed  from  the  or- 
dmary  habits  of  the  solitary  wasps,  Bembex^  in  its  relations  to 
the  larva,  represents  the  original  or  least  modified  form  of  all 
the  wasps?  In  their  semi-social  habits  the  wasps  of  this  genus 
seem  to  show  a  stage  in  the  transition  from  the  earlier  state  of 
the  truly  solitary  species  toward  the  more  complex  and  higher 
relations  existing  among  those  that  live  in  communities.     The 

*Bates,  Naturalist  on  the  Amazon,  p.  186. 
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Bembecids  cannot  strictly  be  called  solitary,  and  yet  the  extent 
of  their  cooperation  seems  to  be  limited  to  the  act  of  driving 
intruders  away  from  their  nesting-grounds.  Beyond  this  they 
have  no  common  cares  nor  duties. 

As  to  their  relation  to  the  larva,  however,  there  seems  to  be 
nothing  transitional.  Compared  with  the  solitary  wasps  they 
are  at  a  great  disadvantage,  both  as  regards  the  burden  of  feed- 
ing the  young  and  the  consequent  low  rate  of  increase,  and  in 
their  constant  expo::ure  to  the  attacks  of  parasites;  and  they  are 
very  evidently  in  a  lees  developed  stage  than  the  social  wasps, 
where  all  the  workers  join  t(^ether  in  the  labor  of  feeding  the 
young. 

It  may  be  possible,  then,  that  all  wasps  originally  fed  their 
larvffi  from  day  to  day  as  Bembex  now  does,  and  that  while  the 
instinct  of  paralyzing  the  prey  and  of  storing  the  whole  supply 
of  food  once  for  all  was  working  itself  out  among  the  solitary 
wasps,  the  instincts  connected  with  life  in  a  true  society,  and  of 
joining  together  in  the  work  of  feeding  the  larvse,  have,  on  the 
other  hand,  developed  into  those  of  our  wasp  communities. 

If  we  look  at  the  matter  from  this  point  of  view  we  find 
among  the  Ammophilde  an  instance  which  looks  like  a  connectr 
ing  link  between  the  habits  of  Bembex  and  those  of  the  solitary 
species.  A.  umariu  stores  one  caterpillar,  lays  an  egg  on  it, 
catches  another  and  stores  it  as  soon  as  she  can  and  then  closes 
the  nest.  As  a  usual  thing,  no  doubt,  the  nest  is  finally  closed 
before  the  egg  is  hatched,  so  that  she  never  sees  her  larva.  In 
one  of  our  instances,  however,  the  capture  of  the  second  cater- 
pillar was  BO  much  delayed  that  when  it  was  brought  in  the 
mother-wasp  foimd  a  larva  of  a  day  old  feasting  on  the  one  al- 
ready provided.* 

We  opened  a  number  of  the  nests  of  spinolae  but  only  suo- 
ceeded  in  raising  one  of  the  larvae.  Our  notes  on  the  subject 
are  as  follows: 

^Something  like  this  was  suggested  by  Prof.  Duncan  in  1872  (See 
Bomanes*,  "Mental  Evolution  in  Animals,"  p.  191). 
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No.  44.  August  10,  3  P.  M.  Opened  neftt  and  found  a  half  grown 
wasp  larva  and  five  larrsB  of  parasitic  flies,  all  eating.  The  fly  larro 
were  very  lively  and  were  two-thirds  as  large  as  the  other.  They 
were  surrounded  by  the  remains  of  large  numbers  of  flies.  We  gave 
the  wasp  larva  seven  house-flies. 

August  11,  8  A.  M.  The  larva  has  eaten  all  the  flies  put  in  yester- 
day. We  now  give  it  six  house-flies  and  the  large  Tahan%9  taken  at 
the  colony. 

August  12,  5  P.  M.  The  flies  are  all  eaten.  The  larva  is  very  large. 
We  now  give  it  ten  house-flies. 

August  13,  0  A.  M.  The  flies  are  not  quite  gone  but  we  give  it  eight 
more. 

August  14.    The  larva  has  eaten  all  the  flies.    We  give  it  six  more. 

August  15,  8  A.  M.  We  give  the  larva  eight  flies.— 5  P.  M.  The 
larva  has  left  three  flies  uneaten  and  has  beg^un  to  spin  its  cocoon. 
In  flve  days  it  has  eaten  forty-two  flies  besides  the  big  Tabanu8. 

No.  46.  August  10.  We  saw  spinolcie  take  a  fly  into  the  nest.  After 
a  short  time  we  opened  the  nest  and  found  the  fly  with  an  egg  attached 
to  the  left  side  of  the  thorax  just  at  the  base  of  the  third  leg.  It  was 
long  and  cylindrical.    The  fly  belonged  to  the  genus  Byrphu9, 

August  13.    The  egg  is  evidently  dead. 

No.  54.  We  opened  a  nest  and  found  a  larva  two-thirds  grown, 
three  active  maggots,  and  the  remains  of  flies. 

No.  55.  On  August  10,  3:45  P.  M.  We  saw  a  nest  made  and  a  fly 
taken  in.  We  opened  it  today,  August  16.  Assuming  that  the  egg 
was  laid  on  the  flrst  day,  we  judge  that  it  hatched  in  two  days,  since 
the  larva  seemed  to  be  about  four  days  old.  We  found  no  maggot  in 
this  nest,  and  not  many  remains  of  flies. 

Mr.  Hudson  gires  an  account  of  a  common  La  Plata  species 
of  this  family  that  has  the  same  habits.*  This  wasp,  Moned/uUi 
punctata,  digs  her  hole  and  lays  therein  a  single  egg.  When 
the  grub  hatches  the  parent  keeps  it  bountifully  supplied  with 
insects  since  it  is  sometimes  surrounded  by  an  accumulation  of 
six  or  seven  which  are  still  untouched.  The  prey  taken  con- 
sists to  some  extent  of  fire-flies  and  other  insects,  but  flies  are 
always  preferred.  The  nest  is  always  closed  by  the  wasp  be- 
fore she  leaves  it,  to  protect  it,  Mr.  Hudson  thinks,  from  huntr 
ing^iders,   ante,   and  tiger-beetles.      No  mention  is  made  of 

*Naturalist  in  La  Plata,  p.  162. 
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parasitic  flies.  Can  it  be  that  there  is  one  spot  in  the  world 
where  the  wasp  is  free  from  them? 

Probably  Monedulay  like  Bembex,  lives  in  colonies,  since  it 
is  said  that  as  a  usual  thing  many  of  their  holes  are  found  close 
together.  It  occasionally  captures  insects  on  the  wing  but 
more  frequently  pounces  down  on  them  when  they  are  at  rest 

This  species,  then,  differs  from  Bembex  spinolae  in  its  cap- 
ture of  other  insects,  besides  flies,  and  in  its  habits  of  laying  the 
egg  in  the  empty  nest,  no  food  being  brought  until  the  grub 
is  hatched.  In  both  respects  the  southern  species  seems  to  have 
made  an  advance  upon  the  intelligence  of  our  Benibecidae, 

Another  interesting  variation  is  that  of  Bembex  ciliata  ob- 
served by  Mr.  Bates  in  Santarem.*  This  wasp  excavates  her 
gallery  and  then  goes  off  to  catch  her  fly,  leaving  the  door  open. 
This  sometimes  happens  with  spinolae,  but  never  with  the 
European  species  rostrata,  and,  as  we  have  seen,  Monedula  also 
carefully  closes  the  door  before  leaving  it.  Ciliatayto  be  sure, 
does  all  that  is  necessary,  since  after  the  fly  has  been  taken  in 
and  the  egg  laid,  the  doorway  is  filled  up.  Ciliata,  as  well  as 
spinolae,  circles  about  and  takes  her  bearings  carefully  before 
leaving  the  spot. 

Mr.  Bates  has  also  some  notes  on  Monedula  signata,  which 
differs  to  a  remarkable  degree  from  punctata  since  it  not  only 
taken  nothing  but  flies,  but  even  confines  itself  to  a  single 
species,  although  it  must  sometimes  go  half  a  mile  away  to  find 
it  This  reminds  us  of  Pompilus  quinquenotatus  which  never 
takes  anything  but  Epeira  strix. 

A  considerable  contribution  to  our  knowledge  of  the  genus 
Bembex  has  been  made  in  the  paper  by  Wesenberg  (written  in 
Danish)  which  has  already  been  referred  to.  This  paper  deals 
with  Bembex  rostrata.  It  was  translated  for  Mr.  Ashmead  by 
Mr.  Martin  linelLf     The  account  is  most  interesting. 

It  seems  thai?  rostrata  makes  its  nest  in  solid  sand,  covering 

'Naturalist  on  the  Amazon,  p.  181. 

TAculeate  Hymenoptera,  III.,  Psyche,  vol.  7,  no.  216,  p.  62. 
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it  up  with  loose  sand  and  usually,  also,  with  a  little  flat  stone, 
to  prevent  parasites  from  entering.  The  cell  measures  one 
cubic  inch,  the  entrance  tunnel  being  one  and  one-half  centime- 
ters long,  and  arcuate.  A  cell  contains  four  or  five  fresh  flies 
{Lucilia,  EristaliSy  etc.),  and  torn  oflf  wings,  sucked  out  thor- 
aces,  and  in  the  middle  of  these,  a  big  flat  larva. 

When  the  larva  is  hatched  the  mother  brings  more  and 
more  flies,  the  flies  being  larger  and  larger  as  it  grows.  This 
adjustment  of  the  size  of  the  fly  to  the  growth  of  the  larva  has 
also  been  noted  by  Fabre. 

Wesenberg  says  that  fifty  Bembecids  will  nest  on  a  spot  as 
big  as  a  room  during  a  period  of  three  months.  The  time  re- 
quired for  the  development  of  the  larva  is  two  weeks,  this 
giving  five  or  six  young  ones  for  the  season.  He  queries, 
"Does  each  female  have  more  than  one  nest?  and  if  so  how  can 
she  remember  them?''  To  determine  this  point  we  marked  six 
wasps  by  touching  them  with  differently  colored  paints,  putting 
near  their  nests  pebbles  painted  to  correspond  with  the  owners, 
and  then  watched  them  closely  for  three  hours.  During  this 
time  the  red  wasp  returned  regularly  to  the  red  nest,  the  blue  • 
to  the  blue,  and  so  on.  They  were  watched  for  an  hour  and  a. 
half  on  the  following  day  with  the  same  result.  So  that  it 
seems  quite  certain  that  spinolae  has  only  one  nest  at  a  time. 
To  feed  two  larvse  at  once,  with  interlopers  thrown  in,  would 
be  a  heavier  task  than  the  most  determined  industry  could  ac- 
complish. 

Wesenberg  states  that  all  the  digger-wasps  with  the  exception 
of  Bembex  furnish  the  food  for  their  young  once  for  all,  either 
first  laying  the  egg  and  then  putting  in  food,  or  first  filling  the 
cell  with  food  and  then  laying  the^  egg  upon  it,  and  covering  the 
whole  without  again  visiting  the  cell  or  seeing  their  larva.  We 
know  now  that  this  too  general  a  statement. .  At  least  one  spe- 
cies of  Lyroda  {mhitoi)  brings  food  to  its  young  from  day  to 
day.  We  have  seen  that  Moned/ula  does  the  same.  In  West- 
wood's  "Classification"  we  find  that  the  same  habit   has  been 
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claimed  for  MelUnus  by  Mr.  Ctirtis  (p.  175);^  for  Pelopaeus  by 
Bonnet  (p.  206);  and  for  Sphex  by  Mr.  Bartram  (p.  207). 
These  statements,  and  also  those  pertaining  to  BemheXy  were  dis- 
believed by  Westwood  who  thought  that  only  social  waspe  re- 
visited the  nest  after  the  egg  had  been  laid.  Certainly  Sphex 
and  Pelopdeus  have  entirely  different  habits.  Of  Mellimis  we 
have  no  knowledge. 
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CHAPTER  Vn. 

THE  LITTLE  FLYCATCHEGR. 

Oxybelus  quadrinotatus  Say. 
Plates  Vin.,  fig.  7;  XIH.,  fig.  3. 

In  studying  the  species  that  come  in  onr  way  we  are  contin- 
ually developing  unaccountable  likings  for  some  kinds  above 
others.  The  appearance  of  one  of  these  favorites  is  always 
hailed  with  delight,  and  when  the  season's  work  is  over  we  re- 
member them  with  lively  pleasure. 

It  is  thus,  dear  little  OxyheluSy  that  we  dwell  upon  the  thought 
of  you  and  your  pretty  ways.  No  other  wasp  rose  so  early  in 
the  morning,  no  other  was  so  quick  and  tidy  about  her  work, 
so  apt  and  business-like  without  any  fuss  or  flurry.  No  other 
was  more  rapid  and  vigorous  in  pursuit  of  her  prey,  and  we 
think  with'  admiration  and  gratitude  of  the  number  of  flies  that 
you  must  have  destroyed  in  the  course  of  the  summer. 

0.  quadrmatattis  is  only  one-quarter  of  an  inch  long  and  is 
dark  gray  with  four  whitish  spots  on  the  abdomen.  It  was  be- 
fore nine  o'clock  in  the  morning  that,  while  out  on  an  early  in- 
spection tour  in  the  garden,  we  saw  our  only  example  of  this 
species  descend  upon  a  sandy  spot  and  after  a  moment's  rapid 
scratching^  with  her  first  legs,  enter  the  hole  that  she  had 
opened.*  Under  her  body  she  was  carrying  a  fly  which  looked 
like  the  conmion  domestic  species.  It  was  upside  down,  its 
head  being  tightly  clasped  with  the  third  pair  of  legs,  and  all 
of  its  abdomen  projected  beyond  the  abdomen  of  the  wasp. 
Ashmead  quotes  from  Fabre  the  remarkable  statement  that 
Oxybelus  carries  her  flies  home  impaled  on  her  sting.       This 

*I>nring  the  f oUowing  summer  this  species  became,  bo  common  that 
we  studied  many  examples. 
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idea  probably  arose  from  the  fact  that  nearly  the  whole  body  of 
the  fly  is  visible. 

Oiir  new  found  wasp  stayed  only  a  moment  in  her  nest,  al- 
though, as  we  afterward  found,  it  was  long  enough  for  her  to 
lay  her  egg  on  the  fly.  When  she  came  out  she  quickly 
smoothed  the  sand  over  the  spot  with  her  head  and  legs  so  that 
there  was  nothing  to  mark  the  nest,  and  flew  away.  In  three 
minutes  she  returned  with  another  fly.  She  alighted  two  or 
three  inches  away  and  scratched  for  an  instant,  but  quickly  saw 
her  mistake  and  found  the  right  spot. 

Again  and  again  the  pretty  little  worker  want  and  came, 
while  we  sat  watching  close  by,  admiring  her  deft  handiwork  in 
opening  and  closing  the  nest  and  wondering  at  the  ease  with 
which  she  found  it  at  each  return.  There  was  nothing  tire- 
some or  dilatory  about  this  species.  Within  twenty  minutes 
we  had  seen  six  flies  stored  up.  The  nest  was  closed  and  the 
place  smoothed  over  every  time  before  she  went  away,  but  when 
she  entered  she  left  the  door  open  behind  her.  We  once  tried 
to  make  her  drop  the  fly,  but  when  disturbed  she  flew  up  and 
alighted  on  a  plant  near  by,  keeping  her  hold  on  it  The  whole 
performance  was  brisk  and  business-like  but  without  the  fever- 
ish hurry  of  Ammophila  and  Pompilus. 

After  the  sixth  fly  was  taken  in  we  were  afraid  to  let  her  go 
again  for  fear  that  the  nest  was  now  completely  provisioned, 
and  that  she  would  not  return.  She  was  such  a  charming  little 
wasp,  scarcely  bigger  than  a  fly  herself,  and  yet  so  useful  in  her 
industry,  that  we  hated  to  disturb  her,  but  as  we  were  obliged 
to  have  her  for  identiflcation  we  flrst  caught  her  and  then 
opened  the  nest.  (PI.  VJLLI.,  fig.  7.)  It  contained  only  the 
flies  that  we  had  seen  taken  in,  the  egg  being  attached  to  the 
one  lowest  down  on  the  left  side,  between  the  head  and  the 
thorax.  It  was  long  and  cylindrical.  The  flies  were  dead  but 
showed  no  marks  of  violence. 

She  must  have  dug  the  nest  before  catching  the  first  fly,  as 
there  was  no  delay  when  she  brought  it  in;   and  if,  as  seems 
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probable,  the  work  was  done  that  morning,  the  task  must  have 
been  begun  at  a  very  early  hour. 

The  egg,  which  was  laid  just  before  nine  o'clock  on  the  morn- 
ing of  August  seventh,  hatched  at  a  little  after  nine  on  the 
morning  of  August  eighth.  The  larva  began  to  eat  at  once  and 
devoured  all  the  inside  of  the  thorax  and  abdomen  of  the  fly 
to  which  it  was  attached,  in  the  first  twenty-four  hours.  On 
August  twelfth  it  had  reached  the  sixth  fly,  and  we  supplied  it 
with  three  more.  On  August  fourteenth  these  were  gone  and 
we  again  replenished  its  larder,  this  time  with  two  flies.  The 
larva  had  partly  eaten  these  when  something  went  wrong.  Its 
appetite  failed,  and  on  August  sixteenth  it  died. 

We  find  but  meagre  notes  on  the  genus  Oxyhelus.  Ashmead 
says  that  no  observations  have  been  made  on  the  American 
species  but  that  in  Europe  they  are  found  to  burrow  in  sand 
and  to  provision  their  nests  with  dipterous  insects.  He  also 
says  that  according  to  Verhoeff  the  species  in  this  genus  do  not 
paralyze  their  prey  by  stinging  as  they  are  unable  to  do  so  on 
account  of  the  rigidity  of  the  abdomen,  but  that  instead,  they 
<5rush  the  thorax  with  the  mandibles  just  beneath  the  wings, 
the  centre  of  the  nervous  ganglia.  He  found  in  one  nest  a 
dozen  flies  (Hydrotaed)  and  all  had  the  thorax  crushed  and 
were  dead.  In  the  case  of  our  wasp  we  do  not  know  how  the 
flies  were  killed  but  there  was  no  crushing  of  the  thorax.  The 
larva  devoured,  in  all,  ten  flies.  At  the  time  of  its  death  it  had 
probably  flnished  the  larval  stage  of  its  existence  since  nine 
•days  had  elapsed  since  the  hatching  of  the  egg.  It  msy  be  that 
this  period  just  before  pupation  is  a  critical  point  in  the  life 
history  of  a  wasp.  We  lost  several  of  our  nurslings  at  this  time, 
and  Fabre  has  noted  that  when,  on  account  of  the  presence  of 
parasites,  the  larva  of  Bembex  rostraia  had  lacked  something 
of  its  usual  amount  of  nourishment,  it  perished  miserably  at  the 
end  of  its  larval  stage,  not  having  strength  enough  to  spin  its 
cocoon.  No  waspling  in  our  charge  ever  died  from  lack  of  nour- 
ishment— on  that  score   our  consciences  are   clear;  but  it  was 
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Bometimes  difficult  to  make  their  conditions  quite  normal,  and 
for  this  reason  we  may  have  been,  indirectly,  the  cause  of  their 
death. 

The  way  in  which  our  Oxybelus  carries  its  prey  is  peculiar  to 
itself.  Bembex  and  Philanthus  also  hold  their  prey  under  the 
body  but  use  the  second  pair  of  legs,  so  that  it  does  not  project 
behind  except  at  the  moment  of  entrance  into  the  nest.  Quad- 
rinotatv^,  as  we  could  distinctly  see,  since  she  passed  close  to 
us  several  times  in  quick  succesison,  clasps  the  head  of  her  vic- 
tim in  the  third  pair  of  legs,  and  flying  thus,  with  its  whole  body 
sticking  out  behind  her,  she  certainly  presents  a  very  remark- 
able appearance. 
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CHAPTEE  Vm. 

THE  WOOD-BOREBS. 

Trypoxylon  albopilosiim  Fox  and   Trypoxylon  rubrocinctum 

Packard. 

Plate  XIV.,  fig.  1. 

In  the  autumn  of  1895  we  published  some  notes  on  these  two 
gpecies.*  Since  that  time  we  have  given  a  good  deal  of  atten- 
tion to  these  wasps  and  have  gathered  some  new  facts  as  to 
their  habits,  and  we  have  therefore  thought  it  best  to  rewrite 
their  life  history,  including  such  portions  of  our  former  paper 
as  would  serve  our  purpose.  They  are  both  slender^waisted  black 
wasps,  albopilosumhsmjig  bunches  of  snowy  white  hairs  on 
the  first  legs,  and  measuring  three-quarters  of  an  inch  in  length, 
while  riibrocmctum  is  a  little  smaller,  and,  as  the  name  implies, 
wears  a  red  girdle. 

Although  these  wasps  are  called  wood-borers  they  will  use 
convenient  cavities  in  any  material.  When  we  went  out  to  our 
summer  cottage,  in  the  last  days  of  June,  1895,  we  found  many 
little  wasps  of  the  species  Trypoxylon  rubrocinctum  busily  work- 
ing about  a  brick  smoke-house  on  the  place.  Closer  examina- 
tion showed  that  in  the  mortar  between  the  bricks  were  many 
littie  openings  leading  back  for  a  considerable  distance,  which 
were  occupied  by  the  wasps.  It  would  seem  that  these  holes 
were  excavated  by  some  other  agency  than  the  wasps  themselves 
as  they  were  so  much  too  deep  for  their  purposes  that  before 
using  them,  they  built  a  mud  partition  across  the  opening  about 
an  inch  from  the  outside  of  the  wall.  Later  on  we  found  nests 
-of  the  same  species  in  the  posts  which  support  an  upper  balcony 

♦Psyche,  Nov.,  1895,  pp.  303-306.  i 
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of  the  cottage,  and  here,  too,  the  waspe  made  use  of  holes  which 
were  already  excavated. 

In  the  following  simuner  we  found   large  numbers  of  these 
wasps  at  work  in  a  straw-stack.      The  stack  had  been  cut  off 
perfectly  smooth  on  one  side  so  that  many  thousands  of  the  cut 
ends  of  the  straws  were  exposed  to  view,  and  these  proved  very 
attractive  to  rubrocinctum.     This  species  is  very  cosmopolitan 
in  its  tastes,  for  we  also  found  it  utilizing  the  small  holes  in  the 
sticks  of  a  wood-pile.     The  straws  made  the  daintiest  nesting- 
places,  however,  and  were  well  adapted  to  our  purposes  since 
they  could  be  drawn  out  of  the  stack  and  split  lengthwise  so 
that  the  contents  could  be  easUy  studied.  The  two  halves  could 
then  be  brought  togetlier  again  without  injuring  the   inhabi- 
tants, and  thus  we  often  kept  several  sets  imder  observation  long 
enough  to  watch  the  changes  from  the  egg  to  the  pupa.      We 
found  Trypoxyhm  cUbopUosum  nesting  in  holes  made  by  beetles 
in  posts  and  trees,  but  never  in  straws.     A  third  species,  biden- 
tatumy  was  very  common,  nesting  in  the  stems  of  plants.     Dur- 
ing the  month  of  August  we  saw  many  individuals  of  this  spe- 
cies hunting  for  spiders  on  the  blackberry  bushes,  but  at  this 
time  we  were  so  much  absorbed  in  Crabro  stirpicola  that  we 
never  followed  them  to  their  homes. 

Rubrocmctum  was  more  conveniently  studied,  and  through 
July  and  August  we  watched  the  comings  and  goings  of  these 
little  wasps.  They  were  very  good-tempered,  never  resenting 
our  close  proximity  nor  our  interference  with  their  house-keep- 
ing. By  working  hard  they  could  prepare  a  nest,  store  it  with 
spiders  and  seal  it  up  all  in  the  same  day.  This  we  have  seen 
them  do  in  several  instamces.  In  other  cases  the  same  operation 
takes  three  or  four  days.  In  the  second  summer  that  we  worked 
with  them  we  found  one  very  energetic  mother  that  stored  four 
nests  in  one  day.  It  had  rained  hard  on  the  twenty-sixth  of 
July  and  no  wasp  works  in  such  weather.  On  the  afternoon  of 
the  twenty-seventh  we  took  a  straw  just  as  the  little  mother  was 
bringing  in  a  spider.  We  opened  it  and  found  that  the  inner- 
most cell  contained  eight  Epeirids,  with  an  egg  on  the  abdomen 
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of  the  last  one  taken  in;  the  second  cell  was  provisioned  with  ten. 
spiders  with  the  egg  on  the  seventh^  so  that  three  had  been 
brought  in  after  it  was  laid;  the  third  cell  had  the  egg  on  the 
last  spider^  as  did  also  the  fourth.  All  of  these  eggs  hatched 
on  the  twenty-ninth,  the  two  outer  ones,  that  were  laid  last,  be- 
tween, eight  and  nine  o'clock  in  the  morning  and  the  two  that 
were  laid  earlier  between  two  and  three  in  the  afternoon.  This^ 
was  the  biggest  day's  work  that  we  have  ever  recorded  for  any 
of  our  hunting  wasps. 

With  both  species  {T.  ruhrocinctvm  and  T.  albopilo8um)y 
when  the  preliminary  work  of  clearing  the  nest  and  erecting 
the  inner  partition  has  been  performed  by  the  female,  the  male 
takes  up  his  station  inside  the  cell,  facing  outward,  his  little  head 
just  filling  the  opening.  Here  he  stands  on  guard  for  the  greater- 
part  of  the  time  until  the  nest  is  provisioned  and  sealed  up, 
occasionally  varying  the  monotony  of  his  task  by  a  short  flight. 
As  a  usual  thing  all  the  work  is  performed  by  the  female,  who 
applies  herself  to  her  duties  with  greater  or  with  less  industry 
according  to  her  individual  character;  but  the  male  doubtless 
discharges  an  important  office  in  protecting  the  nest  from  para^ 
sites.  We  have  frequently  seen  him  drive  away  the  brilliant 
green  Chrysis  fly  which  is  always  waiting  about  for  a  chance  to 
enter  an  unguarded  nest.  On  these  occasions  the  defense  is  car- 
ried on  with  great  vigor,  the  fly  being  pursued  for  some  distance 
into  the  air.  There  are  usually  two  or  three  unmated  males  fly- 
ing about  in  the  neighborhood  of  the  nests,  poking  their  heads 
into  unused  holes,  and  occasionally  trying  to  enter  one  that  is 
occupied,  but  never  so  far  as  we  have  seen,  with  any  success, 
the  male  in  charge  being  always  quite  ready  and  able  to  take 
care  of  his  rights.  The  males,  however,  made  no  objection 
when  strange  females  entered  the  nest  as  they  sometimes  did  by 
mistake,  nor  did  the  females  objecti  to  the  entrance  of  a  strange 
male  when  the  one  belonging  to  the  nest  happened  to  be  away, 
but  in  such  cases  the  rightful  owner,  on  his  return,  quickly 
ejected  the  intruder.  We  often  amused  ourselves,  while  we  were- 
watching  the  nests,  by  approaching  the  little  male,  bb  he  stood 
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in  his  doorway,  with  a  blade  of  grass.  He  always  attacked  it 
valiantly,  and  sometimes  grasped  it  so  tightly  in  his  mandibles 
that  he  could  be  drawn  out  of  the  nest  with  it 

When  the  female  returns  to  the  nest  with  a  spider  the  male 
flies  out  to  make  way  for  her,  and  then  as  she  goes  in  he  alights 
on  her  back  and  enters  with  her.  When  she  comes  out  again 
she  brings  him  with  her,  but  he  at  once  re-enters,  and  then, 
after  a  moment,  comes  out  and  backs  in,  so  that  he  faces  out- 
ward as  before. 

In  one  instance,  with  rubrocinctuniy  where  the  work  of  stor- 
ing the  nest  had  been  delayed  by  rainy  weather,  we  saw  the  male 
assisting  by  taking  the  spiders  from  the  female  as  she  brought 
them  and  packing  them  into  the  nest,  leaving  her  free  to  hunt 
for  more.  This  was  an  especially  attentive  little  fellow,  as  he 
guarded  the  nest  almost  continuously  for  four  days,  the  female 
sometimes  being  gone  for  hours  at  a  time.  On  the  last  day  he 
even  revisited  the  nest  three  or  four  times  after  it  had  been 
sealed  up. 

It  is  upon  the  female  that  the  heaviest  part  of  the  work  de* 
volves.  As  soon  as  she  has  put  the  nest  in  order  she  begins  the 
arduous  task  of  catching  spiders  wherewith  to  store  it.  It  usu- 
ally takes  them  from  ten  to  twenty  minutes  to  find  a  spider  and 
bring  it  home,  but  they  are  soimetimes  absent  for  a  much  longer 
time.  When  the  spider  has  been  carried  to  the  nest  the  process 
of  packing  it  in  b^ns.  This  occupies  some  time  and,  appar- 
ently, a  good  deal  of  strength,  the  female  pushing  it  into  place 
with  her  head  with  a  total  disregard  of  its  comfort,  all  the  spi- 
ders that  are  caught  being  pressed  and  janmied  together  into  a 
compact  mass.  While  she  is  busied  in  this  way  she  makes  a  loud, 
cheerful  humming  noise.  The  number  of  spiders  brought  seems 
to  depend  upon  their  size,  in  which  quality  they  vary  greatly, 
the  largest  ones  being  six  or  eight  times  as  large  as  the  smallest. 
Rubrodnctum  fills  her  nest  with  from  seven  to  fourteen,  while 
the  larger  albopilomm  brings  as  many  as  twenty-five  or  thirty. 
Those  that  we  examined  represented  many  different  genera,  and 
even  different  families,  although  they  were  usually  Epeiridae. 
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In  a  number  of  cases,  during  the  first  summer,  after  several 
spiders  had  been  stored,  we  gently  drew  theii  out  with  a  bent 
wire.  In  one  nest  in  which  there  were  five  spiders,  we  f  ound, 
two  hours  after  they  had  been  stored,  that  three  were  alive  and 
two  were  dead.  In  another,  which  the  wasp  had  just  begun  to 
seal  up,  were  ten  spiders.  Three  of  these  were  injured  in  being 
drawn  out  Of  the  remainder  four  were  alive  and  three  dead* 
On  the  anterior  part  of  the  dorsum  of  one  of  the  living  spiders 
was  the  egg.  It  had  probably  been  fertilized  as  the  female  car- 
ried the  male  into  the  nest  on  her  back. 

When  we  discovered  rubrocmctum  in  the  straw-stack  we 
made  many  observations  as  to  the  position  of  the  egg  and  the 
number  and  condition  of  the  spiders.  We  found  that  the  egg 
was  always  placed  either  on  the  side  or  the  back  of  the  anterior 
part  of  the  abdomen.  The  number  of  spiders  stored  was,  as  we 
have  ah-eady  stated,  from  seven  to  fourteen.  A  fact  that  in- 
terested us  greatly  was  the  remarkable  accuracy  shown  by  the 
wasp  in  never  selecting  too  large  a  spider  for  the  calibre  of  Ae 
straw.  Oftentimes  it  was  an  extremely  close  fit,  but  it  could 
always  be  squeezed  down.  When  they  nested  in  posts  they 
used  at  times  much  larger  prey.  Unfortunately  we  never  saw 
this  species  capture  its  prey,  nor  could  we  prevail  upon  it  to 
sting  in  captivity,  but  the  number  of  spiders  that  we  found  in 
straws  was  so  large  as  to  afford  abundant  evidence  concerning 
the  degree  of  surgical  skill  possessed  by  the  wasps.  Most  of  the 
spiders  taken  by  rubrocmctum  are  inoffensive  creatures  and 
there  is  no  need  to  be  careful  or  adroit  in  dealing  with  them. 

The  concentration  of  the  nervous  system  in  the  Arachnida 
would  seem  to  conduce  very  strongly  to  uniform  results  from 
the  stinging  of  the  wasps.  Unlike  the  larva  used  by  Ammo- 
phila,  with  its  chain  of  ganglia,  in  the  Anmeidae  the  whole  cen- 
tral nervous  system,  including  the  brain  and  the  ventral  cord, 
forms  a  single  mass,  pierced  by  the  (esophagus.  The  greater 
part  of  this  mass,  which  lies  behind  the  oesophagus,  represents 
the  fused  ventral  cord  from  which  the  nerves  radiate.  The 
drawing  (PI.  Vlll.,  fig.  8),  gives  a  clear  idea  of  this  nervous 
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aggregation,  and  shows  how  little  difficulty  would  be  encountered 
by  the  sting  of  the  wasp  in  entering  it.  It  is  evident  that  a 
thrust  given  in  almost  any  part  of  the  ventral  face  of  the  cephalo- 
thorax,  or  even  on  either  side  of  the  anterior  half  of  its  edges, 
would  reach  the  nervous  center.  With  these  facts  before  us 
let  us  turn  to  the  notes  made  upon  the  condition  of  the  spiders 
that  had  been  stung  and  stored  up  in  the  nests  of  the  straw- 
stack.  By  the  "first  cell''  we  mean  the  last  cme  stored,  which 
waa  naturally  the  first  one  opened. 

July  11.  Opened  a  nest  of  ruhrocincium.  The  first  ceU  contained 
fourteen  live  spiders  with  a  newly  laid  egg.  Some  of  the  spiders  were 
very  lively,  moving  spontaneously.  Second  cell,  ten  spiders,  one  dead, 
others  alive,  and  an  egg.  Third  ceil,  eight  B{>iders,  three  deftd  and  five 
alive,  and  the  ^f^g. 

July  12.  In  each  of  the  first  and  second  cells  one  spider  has  died 
since  yesterday,  while  in  the  third  there  is  no  change  4n  their  condi- 
tion. The  egg  in  the  third  cell  hatched  at  nine  in  the  morning,  and 
the  one  in  the  second  cell  at  three  in  the  afternoon. 

July  13.  In  the  first  cell  all  the  spiders  are  dead  but  one,  and  in  the 
second,  all  but  four,  while  in  the  third  none  are  alive. 

July  15.    All  the  spiders  in  the  second  cell  are  dead. 

July  16.  The  one  spider  in  the  first  cell  has  outlived  all  the  others, 
but  that,  too,  died  today. 

The  record  of  another  set  of  nests  is  as  follows:  On  July 
eighth  we  took  a  straw  with  a  wasp  as  she  went  in  with  her  spi- 
der. The  cell  was  not  sealed  up.  It  contained  fourteen  speci- 
mens of  three  species  of  EpeiridSy  and  the  egg  was,  apparently, 
just  laid.  The  spidere  were  pushed  in  very  tightly  and  the  le^ 
and  abdomens  were,  in  many  cases,  bent  to  one  side.  All  were 
limp,  but  alive.  By  July  tenth,  four  were  dead;  on  July 
eleventh  the  egg  hatched.  By  July  thirteenth  all  of  the  spiders 
were  dead. 

It  is  unnecessary  to  give  the  history  of  other  nests  in  detail, 
since  these  facts  make  it  clear  that  there  is  a  great  variation  in 
the  degree  of  severity  with  which  the  spiders  are  stung,  so  that 
while  with  some  the  paralysis  is  complete,  with  others  it  is  only 
partial.     Some  wero  killed  outright,  others  lived  two  or  three 
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days,  while  still  others  survived  for  two  weeks.  Compared  with 
the  work  of  the  Pelopaei  it  would  seem  that  a  smaller  number 
of  the  spiders  are  killed  at  once,  while  a  larger  number  die  after 
the  lapse  of  a  few  days.  None  of  the  victims  of  TrypaxyUm 
live  so  long  as  the  most  perfectly  paralyzed  spiders  of  the  mud- 
daubers.  The  two  longest  lived  senders  of  TrjfpoxyUm  lived 
ten  and  fifteen  days  respectively,  while  with  PelopO/eus  one  sur- 
vived until  the  thirty-eighth  and  one  until  the  fortieth  day. 

The  accompanying  table  shows  the  number  of  days  that  the 
Trypoarylon  spiders  Kved  after  having  been  captured  and  oper- 
ated upon.  We  wish  to  avoid  any  suggestion  that  would  imply 
a  lack  of  skill  on,  the  part  of  the  wasps,  from  the  fact  that  they 
killed  rather  than  paralyzed  their  victims.  Possibly  the  best 
criterioni  of  their  success  is  the  rapidity  with  which  the  spiders 
are  captured  and  stored,  irrespective  of  their  condition.  Dead 
spiders  seem  to  be  quite  as  wholesome  for  their  nurslings  as 
living  ones. 

Tabue  No.  I. —  Showing  length  of  life  of  spiders  found  in  nesta  of 

T,  rubrocinctum. 


No. 
nett. 

CondiHon 
Of  nider 

when 
found. 

Number  of  day  that  the  Bpider  lived 
after  the  nest  wcu  opened. 

Remarke, 

Dead 

Alive 

1 

2 

3 

4 

S 

6 

10 

15 

1 

9 
5 

"i" 

3 
...... 

4 

12 
14 

10 

3 

•*2" 

1 

Larva  two  days  old. 
Larva  one  day  old. 
Efr9  lost  laid. 

2 

"i" 

2 

1 

4 
S 
8 
8 

1 

83 

B 

5 

1 

EffRonedayold. 
BfiTff  ooe  day  old. 

4 

Err  nearly  two  days  old 
Eicg  on  abdomen  of  spider. 

2 

8 

3 
12 

1 

1 

"i " 

9 

2 
10 

*T" 

5 

Total 

24 

68 

3 

3 

1 

The  egg  requires  from  forty  to  sixty  hours  for  its  develop- 
ment and  the  larva  feeds  for  seven  or  eight  days  before  spinning 
its  cocoon.  Those  that  we  watched,  usually  first  disposed  of  the 
abdomen  and  then  of  the  cephalothorax;  sometimes  they  would 
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consume  several  abdomens  before  attacking  the  other  parts. 
After  the  body  was  devoured  the  legs  were  picked  up  and  eaten. 
When  the  supply  of  food  was  generous,  portions  of  the  spiders 
were  sometimes  left  untouched.  The  cocoons  resembled  in  gen- 
eral appearance  and  structure  those  of  PelopaetiS. 

When  a  female  returns  with  her  load  she  usnaUy  hunts  about 
for  a  few  moments  before  finding  her  nest,  sometimes  entering, 
first,  two  or  three  that  are  empty  or  are  occupied  by  other  wasps, 
bnt  we  do  not  wish  to  cast  any  reflection  upon  the  sense  of  lo- 
cality of  a  creature  that  is  able  to  find  one  particular  straw  out 
of  the  many  thousands  in  an  expanse  of  stack  twenty  feet  high 
by  twelve  wide.  We  ourselves  can  testify,  from  experience,  to 
the  extreme  diflBlcully  of  the  task. 

After  the  storing  process  is  completed  the  female  seals  up  the 
nest  with  mnd.  In  the  case  of  one  rubrocinctum  that  we  were 
watching  she  began  to  close  the  opening  at  four  in  the  afternoon 
and  finished  her  work  just  thirty  minutes  later.  In  this  time 
she  made  ten  journeys  for  mud,  bringing  it  in  pellets  in  her 
mandibles.  In  another  case,  also  a  rubrocinctumy  the  female, 
after  bringing  so  many  spiders  that  the  cell  was  full  up  to  the 
very  door  (which  we,  saw  in  no  other  case),  went  away  without 
closing  it  and  never  returned.  The  male  seemed  uneasy  at  her 
conduct  and  several  times  flew  away,  staying  an  hour  or  two 
and  then  returning;  but  after  a  time  he  too  deserted  the  nest. 
Whether  some  evil  fate  overtook  the  female  or  whether  there 
was  some  failure  of  instinct  on  her  part  can  only  be  conjectured, 
but  the  latter  hypothesis  is  not  untenable,  since  out  of  seventy- 
six  nests  that  we  had  under  observation  seven  were  cleaned  out 
and  prepared  and  were  then  sealed  up  empty.  We  have  often 
found  similar  cases  among  the  nests  of  the  blue  mud-dauber 
wasps,  where  it  is  not  a  very  uncommon  thing  for  the  absent- 
minded  females  to  build  their  pretly  little  cylindrical  nests  with 
infinite  care  and  patience  and  then  to  seal  them  up  without  put- 
ting anything  inside.  ^ 

Cocoons  of  rubroci/netum  that  were  gathered  in  the  month  of 
August  remained  over  the  winter  and  hatched  in  May  and  June.. 
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Almost  as  interesting  as  rubrocmctum  is  the  slightly  larger 
species,  T.  albopUosum.  This  wasp  has  a  great  liking  for  the 
posts  that  support  the*  balcony  of  our  cottage,  a  preference  that 
is  Tery  convenient  for  us,  as  it  enables  us  to  sit  in  the  shade  and 
watch  their  doings  at  our  ease. 

One  afternoon  as  we  sat,  literally,  at  our  posts,  a  female  of 
albopiloaum  came  humming  along,  looking  veiy  important  and 
energetic,  as  though  she  had  planned  beforehand  exactly  what 
to  do.  She  entered  an  empty  hole,  head  first,  and  at  once  began 
to  gnaw  at  the  wood,  kicking  it  out  backwards  with  considerable 
yiolence.  After  a  few  minutes  she  changed  her  method  of 
work,  and  began  to  carry  out  loads  of  wood  dust  in  her  mandi- 
bles, dropping  it  in  little  showers  just  outside  the  nest,  and  then 
hastening  back.  In  forty  minutes  she  carried  out,  in  this  way, 
upwards  of  fifty  loads.  She  then  flew  away,  but  returned  in 
ten  minutes  with  a  male.  She  alighted,  he  took  his  place  on 
her  back  and  they  went  in  together. 

After  a  time  they  came  out  and  both  flew  away,  but  the  next 
morning  they  came  back  and  the  nest  was  stored. 

In  this  species  the  male  does  not  always  come  out  of  the  nest 
when  the  female  brings  a  spider.  Perhaps  the  nest  is  enough 
larger  than  in  rubrocinctum  to  accommodate  them  both  com- 
fortably. As  a  usual  thing,  however,  he  enters  on  the  back  of 
the  female.  The  spiders  brought  by  albopilosum  are  larger  than 
those  used  by  rubrocinctum.  They  sometimes  bring  such  heavy 
specimens  of  Epeira  insularis  that  they  are  carried  with  diffi- 
culty, the  wasp  alighting  and  dragging  the  spider  into  the  hole 
instead  of  flying  directly  in  as  usual. 

We  watched  a  number  of  albopilaatim  nests  during  the  sec- 
ond summer,  finding  them  in  several  instances  through  the  loud 
humming  of  the  female  while  she  was  pushing  the  spiders  into 
her  hole.  From  our  not  very  extensive  study  of  the  spiders 
taken  by  this  species  we  are  of  the  opinion  that  some  are  killed 
at  the  moment  of  capture,  and  that  those  that  are  only  paral- 
yzed die  in  the  nest  from  day  to  day. 
Mr.  W.  H.  Ashmead  has  noted  that  albopilosum  stores  its  nest 
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ivith  aphides,  but  in  the  casee  that  we  observed  they  used 
only  spiders.  There  can  be  no  mistake  on  this  point  as  we  more 
than  once  took  the  spider  from  the  wasp  as  she  was  entering  the 
nest  In  a  recent  letter  Mr.  Ashmead  saj^  that  his  notes  were 
made^  in  the  field,  and  that  he  probably  mistook  some  closely 
allied  species  for  this  one. 

We  sometimes  found  the  parasitic  MelUtobia  fly  in  the  nests 
of  rubrociawtumy  and  from  two  nests  we  reared  the;  common  fly 
Paehyophtlialmus  aurifrons. 

We  do  not  know  how  many  nests  are  stored  by  the  female  in 
one  season,  in  any  of  the  species  of  Trypoxylon. 

We  are  not  as  familiar  with  the  habits  of  T.  bidentatum  as 
with  those  of  the  other  two,  but  we  have  a  few  notes  relating 
to  the  female.  This  little  worker  is  the  smallest  of  the  three, 
and  like  her  sisters  is  a  confirmed  spider  hunter.  Once,  when 
out  among  the  raspberry  bushes,  we  had  the  good  fortune  to 
witness  a  capture.  The  wasp  seized  the  spider  as  it  rested  on  a 
leaf,  by  the  top  of  the  cephalothorax  and,  holding  it  firmly, 
curved  her  abdomen  under  and  stabbed  the  under  face  of  the 
cephalothorax.  All  her  motions  were  deliberate,  and  after  the 
operation  she  delayed  a  moment  before  picking  it  up  by  a  leg 
and  flying  off.  We  often  found  raspberry  stems  which  had 
been  filled  with  spiders  by  this  wasp,  but  we  do  not  know  the 
length  of  time  required  for  the  development  of  the  egg  nor  how 
long  the  larva  eats  before  pupation.  The  cocoon  is  very  dif- 
ferent in  appearance  from  those  of  rubrocifictum  and  (UbopUo- 
suntj  being  excedrngly  long,  slender,  and  almost  white,  instead 
of  short,  wide,  and  brown.  The  perfect  insects  come  out  in 
September  and  the  last  cocoon  formed  is  the  first  one  to  hatch. 
This  was  also  true  of  the  cocoons  of  rubrocmctum  formed  in 
straws.  The  different  habits  of  the  hymenoptera  in  this  respect 
are  very  interesting.  In  the  case  of  Ceratina  dupUiy  the  small 
carpenter  bee,  the  egg  first  laid  hatches  first,  those  above  fol- 
lowing in  regular  order.  The  lower  ones  wait  patiently  in  their 
cells  until  the  one  in  the  top  cell  has  matured,  when  they  all 
come  out  at  once.     This  is  a  very  common  species  with  us.     Mr. 
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Comstock  says  that,  so  far  as  he  knows,  dupla  is  the  only  solitary 
bee  that  watches  over  her  young  until  they  become  mature.  In 
the  case  of  some  of  the  cuckoo-flies  (Chryaididae)^  we  have  ob- 
served that  the  egg  laid  first  hatches  first,  but  that  the  mature 
insect,  instead  of  waiting  for  the  way  to  be  clear,  gnaws  a  hole 
through  the  side  of  the  stem,  and  thus  makes  its  entrance  into 
the  world. 

Years  ago,  when  we  found  that  many  of  the  Epeiridae  laid 
enormous  numbers  of  eggs  (A.  cophinaria  from  600  to  2000), 
we  wondered  what  became  of  the  thousands  of  spiderlings.  An 
acquaintance  with  Trypoanflon  has  shown  us  their  fate,  and  has 
given  us  an  illustration  of  how  closely  the  two  groups  are  re- 
lated. To  make  a  very  modest  estimate  there  must  have  be^i 
twenty  wasps  at  work  in  our  straw-etacL  During  the  six  weeks 
which  make  the  busiest  part  of  their  working  season  each  of 
these  must  have  stored,  at  the  very  least,  thirty  cells,  putting  an 
average  of  ten  spiders  into  a  celL  It  may  then  be  considered 
certain  that  the  straw-stack,  with  its  working  surface  of  12x20 
ft,  was  the  mausoleum  of  six  thousand  spiders,  and  it  is  very 
probable  that  twice  as  many  were  interred  within  its  depths.  It 
must  be  remembered,  too,  that  before  the  spiders  have  grown 
large  enough  to  be  interesting  to  rubrocinctumy  Mdentdtum  has 
had  her  turn  at  them,  and  that  those  that  are  allowed  to  grow 
too  large  for  rubrodnctuniy  are  preyed  upon  grade  after  grade, 
first  by  albopilosuni  and  finally  by  PelopaeuSy  PompiluSy  and 
other  genera. 

The  wasps  of  this  genus  lose  their  interest  in  family  affaire 
after  the  second  week  in  August,  though  after  this  time  they 
may  still  be  seen  taking  their  well-earned  holiday  on  the  bloe- 
soms  of  the  aster  and  the  golden-rod. 
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CHAPTER  IX. 

THE   BUG-HUNTBRS. 

Astata  unieolor  Say. 
Plates  IX.,  fig.  6;  XI.,  fig.  8;  XEL,  fig.  4. 

This  fipecies  yaries  much  in  size,  the  larger  ones  being  about 
half  an  inch  long.  It  is  black,  the  thorax  having  some  white 
pubescence  while  the  abdomen  is  smooth  and  shining. 

We  had  so  often  followed  these  wasps  without  seeing  them 
capture  anything  that  we  had  almost  come  to  beUeve  that  they 
were  chasing  a  wilW-the-wisp,  or  something  equally  intangible. 
For  a  long  time  we  could  get  no  clue  to  their  lives  but  at  last 
a  day  came  when  we  saw  one  drop  into  a  hole  in  the  ground 
which  showed  a  good  sized  opening  with  earth  heaped  all 
around,  more  on  one  side  than  on  the  other.  Within  six  inches 
was  a  second  nest,  more  perfectly  shaped,  with  a  funnel-like 
opening  exactly  like  that  of  Cerceris  clypeatay  and  this  was  oc- 
cupied by  a  second  wasp  of  the  same  species.  •  They  were  both 
busy  carrying  in  nymphs  of  Podisiis  modestus  Fabr.,  which 
they  held  by  the  base  of  the  antennae,  venter  up,  grasping  them 
with  the  mandibles  and  supporting  them,  more  or  less,  while 
flying,  with  the  second  pair  of  legs.  Every  time  that  a  bug  was 
brought  home  the  wasp  alighted  and  walked  around  near  the 
nest  for  a  few  minutes,  and  then  went  in  head  first  One  of 
them  paid  no  attention  to  us  but  the  other  chowed  much  annoy- 
ance at  our  presence  and  buzzed  about  for  some  time  before  go- 
ing in.  Before  taking  their  departure  they  almost  invariably 
made  a  long  locality  study,  first  running  about  on  the  ground, 
flirting  their  wings  nervously  as  they  went,  and  then  rising 
and  circling  all  around  the  place.  (PL  XII.,  fig.  4.)  Their 
periods  of  work  evidently  alternated  with  epells  of  idleness  for 
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after  bringing  in  three  or  four  bugs  they  would  disappear  and 
nothing  would  be  seen  of  them  for  five  or  six  hours  at  a  stretch. 
After  keeping  these  two  nests  under  observation  for  a  week  we 
excavated  them  both  but  failed  entirely  to  follow  the  tunnel  and 
found  none  of  the  bugs  that  had  been  taken  in. 

This  experience  with  tmioolor  took  place  in  the  middle  of 
July  and  we  saw  nothing  more  of  the  species  for  six  weeks. 
On  the  first  day  of  September,  however,  one  alighted  almost  at 
our  feet  on  the  bare  ground  of  the  garden.  She  was  much 
smaller  than  the  one  that  we  had  seen  before,  and  the  big,  flat 
bug  that  she  carried  was  inconveniently  broad  and  stretched 
her  legs  apart  as  she  ran  about  with  it  After  a  moment  she 
went  into  a  hole  which  did  not  in  the  least  resemble  the  nests 
of  our  earlier  acquaintances,  being  much  smaller  and  running  in 
■obliquely,  with  no  earth  heaped  around.  This  little  wasp  proved 
to  be  one  of  the  fearless  kind  and  went  on  with  her  work  with- 
out noticing  us.  She,  too,,  had  fits  of  industry.  She  sometimes 
found  a  bug  in  ten  minutes,  but  was  usually  gone  from  thirty 
to  forty  when  on  a  hunting  expedition.  After  working  for  an 
hour  or  two  she  would  amuse  herself  for  the  rest  of  the  day, 
sometimes  staying  out  until  sunset  and  sometimes  going  to  bed 
at  half  past  one  or  two  o'clock  and  remaining  within  until  nine 
on  the  following  morning.  The  nest  was  invariably  left  open 
when  she  went  away  but  was  always  closed  at  night,  and  some 
times,  also,  whenj  she  went  in  for  an  hour's  rest  in  the  day  time. 

After  we  had  watched  this  small  unicolor  for  two  days  we 
opened  the  nest  but  found  only  one  bug  and  no  egg.  On  the 
next  morning  at  nine  o'clock  she  had  nearly  finished  a  new  nest 
close  to  the  old  one.  She  did  no  hunting  during  the  morning 
but  made  several  excursions,  and  on  returning  from  one  of  these 
•spent  twelve  minutes  in  searching  for  the  new  nest,  coming 
back  again  and  again  to  the  spot  where  the  old  one  had  been. 
She  began  to  hunt  at  one  in  the  afternoon  and  took  in  three 
bugs  between  that  time  and  thr^e  o'clock,  when  she  retired  for 
the  night.  One  of  these  bugs  was  laid  down  at  the  entrance 
of  the  nest  while  the  wasp  entered,  turned  around  and  then 
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came  up  head  first  and  pulled  it  within.       As  a  u^ual  thing: 
unicolor  walks  straight  in,  carrying  the  bug  in  her  mandibles. 

Three  of  our  four  individuals  of  unicolor  excavated  their 
nests  all  at  once  instead  of  enlarging  from  day  to  day;  but  this- 
one,  after  making  her  nest  on  the  morning  of  September  fourth,, 
was  found  early  on  the  morning  of  the  fifth  excavating  from 
within.  She  worked  in  a  very  slow  and  dignified  way,  without 
the  least  hurry  or  bluster,  loosening  the  earth  and  then  lying 
quite  flat  and  pushing  it  out  with  the  end  of  her  abdomen. 
Working  backwards  in  this  way  she  came  out  quite  covered  witk 
dust,  and  still  lying  flat,  pushed  the  loose  material  away  from 
the  entrance  with  her  hind  legs,  but  with  a  motion  too  gentle- 
to  be  called  kicking. 

The  nest  was  opened  on  September  sixth  and  this  time  the 
tunnel  was  successfully  followed,  and  four  pockets,  which  led 
off  from  it  half  way  down,  were  discovered.  (PI.  XI.,  fig.  3.) 
Three  of  these  pockets  contained  partly  eaten  bugs,  and  one  of 
them  had  also  a  parasitic  larva.  The  fourth  pocket,  which 
seemed  to  have  been  most  recently  stored,  contained  three  bugs,, 
and  on  the  venter  of  the  last  one  taken  in,  near  the  base  of 
the  first  leg  on  the  right  side,  and  at  right  angles  to  the  length 
of  the  body,  was  an  egg.  We  were  surprised  to  find  that  such 
a  store  of  provisions  had  been  taken  into  this  nest,  for  if,  as 
we  had  taken  for  granted,  it  had  been  freshly  made  on  Septem- 
ber fourth  by  the  wasp  whose  nest  we  had  destroyed  on  the  pre- 
vious day,  she  had  filled  three  pockets  on  the  fifth  and  sixth,  and 
the  bugs  in  two  of  these,  as  well  as  those  carried  in  on  the  fourth,, 
had  been  partially  destroyed,^  not  by  the  young  of  unieolory  but 
by  parasites  within  their  own  bodies,  before  the  sixth.  We- 
concluded,  however,  that  this  was  the  case,  since  our  only  alter- 
native was  to  suppose  that  this  nest  had  been  made  by  another 
wasp,  and  that  it  had  been  partly  filled  before  we  saw  it  on  Sep- 
tember fourth,  and  it  seemed  extremely  imlikely  that  anything 
could  have  been  working  there  on  the  first  three  days  of  Sep- 
tember without  our  seeing  it.  Moreover,  if  she  was  not  the- 
wasp  that  we  had  been  watching  right  along,  why  should  she- 
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have  been  attracted,  as  she  evidently  was,  to  the  site  of  the  old 
nest? 

The  egg  which  we  took  ont  on  the  sixth  hatched  just  before 
noon  of  the  same  day,  so  that  the  egg  stage  in  this  species  i& 
probably  not  more  than  twenty-four  hours.  The  larva  ate  the 
three  bugs  provided,  and  spun  its  cocoon  on  September  tenth. 

On  September  seventh  we  found  our  fourth  and  last  individ- 
ual of  Astaia  unioolor.  This  one,  which  was  much  larger 
than  any  of  the  others,  was  making  her  nest  when  first  discov- 
ered, pushing  out  great  quantities  of  earth  with  the  end  of  her 
abdomen.  She  was  extremely  tame  at  this  stage  of  her  proceed- 
ings, allowing  herself  to  be  caught  and  examined,  and  then  re- 
suming her  work  without  the  slightest  sign  of  fear  or  perturba- 
tion. She  worked  slowly  and  deliberately  for  several  hours  and 
made  a  large  round  hole.  The  earth  that  was  heaped  up  around 
the  edges  was  not  smoothed  away  and  no  effort  was  made  to 
render  the  nest  inconspicuous,  excepting  that  the  spot  chosen 
was  partly  covered  by  a  weed. 

During  the  next  few  days  our  wasp  did  not  spend  much  time 
in  the  neighborhood  of  her  nest.  We  occasionally  saw  her 
going  in  or  out  but  always  empty  handed.  A  beautiful  big 
green  Chrysis  fly  was  watching  the  course  of  events  even  more 
closely  than  we  were,  spending  her  time  around  the  nest  or 
even  inside  of  it  When  the  proprietor  came  home  the  intruder 
flew  out  and  alighted  close  by.  The  wasp  showed  no  resentment 
and  the  fly  no  fear.  Thinking  that  she  might  interfere  with 
our  own  designs  we  caught  and  executed  the  would-be  male- 
factor, only  to  see  her  place  taken  by  a  smaller  fly  of  the  same 
family. 

On  September  seventh  our  wasp  was  carrying  in  bugs,  and 
now  we  found  that  a  great  change  had  come  over  her  attitude 
toward  us.  Up  to  this  time  she  had  considered  us  as  beneath 
her  notice,  but  when  she  began  to  provide  food  for  her  off- 
spring we  at  once  became  objects  of  distrust  and  suspicion,  and 
nothing  would  induce  her  to  go  into  the  nest  while  we  were 
near.     She  flew  about  the  place,  frequently  alighting  and  seem- 
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ing  to  hunt  for  it  in  different  places.  Sometimes  she  would  go 
away  for  ten  or  fifteen  minutes^  and  then  reappear^  still  carry- 
ing her  bugy  to  resume  her  circlings,  and  it  was  not  until  we 
had  moved  away  to  a  distance  of  six  or  eight  feet  that  she  would 
go  in.  This  excessive  timidity  was  in  striking  contrast,  not 
only  to  her  former  actions,  but  to  the  fearless  conduct  of  the 
small  unicolor  spoken  of  before. 

Of  three  bugs  taken  from  unicolor  as  she  brought  them  to  her 
nest,  two  were  quite  dead,  and  the  third,  which  responded  to 
stimulation  by  a  quivering  of  the  tarsi  and  the  antennsa  when 
it  was  taken,  died  the  next  day.  This  bug  and  another  which 
was  taken  dead  from  the  nest  excavated  on  September  third,  had 
parasitic  larvae  within  them  which  emerged  after  having  eaten 
the  softer  parts,  but  died  without  spinning  any  cocoon.  The 
three  bugs  taken  intact  from  the  nest  opened  on  September  sixth 
were  all  dead,  although  they  had  been  carried  in  only  the  day 
before.  Sq  that  although  the  sting  that  unicolor  gives  her  vic- 
tims does  not  always  kill  at  once,  it  proves  fatal  within  a  very 
short  time. 

Aetata  Ucolor  Say. 
Plates  I.,  fig.  4;  IX.,  fig.  6. 

It  was  one  o'clock  in  the  afternoon  on  the  sixteenth  day  of 
August.  Thei  mercury  was  trying  some  experiments  up  among 
the  nineties  and  we  knew  from  experience  that  the  lower  garden 
was  the  hottest  place  for  miles  around,  yet  thither  we  turned 
our  steps  without  a  moment's  hesitation,  possessed  by  the  idea 
that  something  might  be  going  on  in  that  wonderful  spot  and 
we  not  there  to  see. 

Sheltered  by  our  umbrellas  from  the  burning  sun  we  prom- 
enaded up  and  down  among  the  beans  and  potatoes  scanning 
every  inch  of  ground.  An  hour  passed  and  our  enthusiasm 
began  to  wane  a  little,  yet  we  stayed  on  knowing  that  patient 
effort  is  almost  sure  to  bring  a  reward.  Suddenly  our  attention 
was  arrested  by  a  gleam  of  color.  Was  it  a  fly,  this  brilliant 
winged  thing?    Its  actions  awakened  our  interest;  it  had  not 


Digitized  by  LjOOQIC 


THE  B  UO-H  UNTERS.  93 

exactly  tlie  insovda/nt  air  of  a  fly.  It  alighted  near  a  weed, 
rose,  circled  about  a  little,  came  back  to  tbe  same  place,  rose 
again,  and — no,  it  was  no  fly, — dropped  down  into  a  tiny  hole, 
hidden  from!  above  by  a  leaf.  It  was  a  wasp,  and  a  very  pretly 
one,  with  the  abdomen  soft,  bright  red,  dark  cephalotliorax  and 
gauzy  wings.  In  a  few  minutes  the  little  creature  came  creep- 
ing out  and  began  to  circle  around  the  place  but  she  evidently 
f oimd  it  difficult  to  tear  herself  away  from  her  home.  Again 
and  again  she  alighted  near  by,  and  finally  she  came  close  to  the 
opening  and,  flattening  her  body  so  that  she  almost  lay  on  the 
ground,  gazed  into  it  in  a  contented  and  contemplative  manner. 
After  a  time  she  flew  away.  She  was  gone  for  ten  minutes  and 
when  she  came  back  we  saw  that  she  was  carrying  something  in 
her  mandibles.  She  did  not  go  directly  to  the  nest  but  alighted 
on  a  weed.  After  a  moment  she  rose  and  circled  about  and 
then  alighted  again,  this  time  on  the  ground.  After  she  had 
repeated  these  actions  several  times  she  entered  the  nest,  de- 
posited her  burden  and  almost  immediately  came  out  again.  As 
before,  some  minutes  were  spent  in  circling  about  the  spot  be- 
fore she  flew  away. 

For  two  hours  we  sat  by  the  nest  watching  her  as  she  pur- 
sued the  peculiarly  even  tenor  of  her  way.  She  hesitated,  de- 
layed, and  circled  about  whenever  she  left  home  and  whenever 
she  returned.  Once  on  coming  back  to  the  nest,  which  was  en- 
tered by  a  slightly  oblique  gallery,  she  walked  in  over  the  upper 
edge  so  that  her  back  was  down.  On  her  return  from  her 
fourth  journey  we  caught  her  in  a  bottle  and  found  that  she 
was  carrying  a  small  homopterous  insect,  which  she  held  by  the 
head,  venter  up.  We  shook  the  bottle  but  she  would  not  drop 
it,  and  when  released  she  resumed  the  business  of  the  day  with 
perfect  self-possession.  Twice  on  going  in,  she  pushed  up  some 
earth,  thus  closing  the  hole  behind  her. 

In  the  two  hours  that  we  watched  her  she  made  ten  journeys. 
The  stay  within  the  nest  was  never  more  than  two  minutes  but 
often  as  much  more  time  was  spent  in  going  in  and  in  getting 
away.      We  kept  a  record  of  the  hours  at  which  she  returned 
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which  reads  as  follows:  2:42  o'clock,  3:03,  3:10,  3:18,  3:25, 
3:30,  3:46,  4:00,  4:08,  4:15. 

At  fifteen  minutes  after  four  the  wasp  thought  that  she  had 
worked  long  enough  and  as  we  were  beginning  to  have  something 
of  the  same  idea  it  was  a  relief  to  find  that  having  closed  her 
door  behind  her  she  had  gone  to  bed,  or  at  least  had  decided  to 
pass  the  evening  at  home.  After  awaiting  for  some  time  to 
see  if  she  would  reappear  we  placed  a  blade  of  grass  over  the 
nest,  and  covering  all  with  an  inverted  tumbler,  bade  her  good 
night 

At  half  past  seven  o'clock  on  the  following  morning  we  vis- 
ited the  garden  to  see  if  our  little  wasp  was  yet  awake,  but  the 
blade  of  grass  had  not  been  disturbed.  On  a  second  visit,  at 
nine  o'clock,  we  found  her  flying  about  inside  the  tumbler  and 
at  once  released  her.  She  flew  off  and  was  gone  for  an  hour 
and  when  she  returned,  bringing  nothing  with  her,  she  circled 
about  for  a  short  time  and  then  again  departed  without  entering 
the  h<Ae.  Ten  minutes  later  she  came  back,  still  empty-handed, 
went  into  the  nest,  and  pushed  up  such  a  quantity  of  earth  from 
below  as  to  make  quite  a  high  mound  in  place  of  the  opening. 
When  she  came  out  again  this  accumulation  of  earth  spread 
itself  out  on  all  sides.  She  now  began  to  enlarge  her  nest,  car- 
rying out  the  dirt  in  little  pellets,  but  this  fit  of  industry  only 
lasted  for  six  minutes.  A  contemplative  mood  overtook  her. 
She  certainly  felt  no  pressure  of  necessity,  being  quite  contented 
to  rest  on  a  neighboring  weed  and  meditate,  varying  the  mo- 
notony by  occasionally  circling  about  her  nest.  It  was  two 
o'clock  in  the  afternoon  before  she  resumed  her  hunting  expe- 
ditions. 

This  was  our  first  acquaintance  with  Astata  bicolor.  A  late 
arrival  on  the  scene,  it  soon  became  a  common  species  and  be- 
tween this  time  and  the  first  of  September  scarcely  a  day  passed 
without  our  seeing  it.  We  never  witnessed  the  making  of  the 
nest  from  the  beginning  but  probably  the  earlier  as  well  as  the 
later  part  of  the  work  is  done  with  the  mandibles,  unaided  by 
the  legs. '     Supposing  the  excavation  to  be  begun  about  ten 


Digitized  by 


Google 


THE  BUQ-HUNTEBS.  95 

o'clock  in  the  mominir,  the  work  is  carried  on  without  haste  and 
with  frequent  pauses  until  two  or  three  in  the  afternoon,  when 
it  is  suspended.  Bieolor  goes  in  for  the  night  at  about  four 
o'clock  and  nothing  more  is  seen  of  her  until  the  next  morn- 
ing when  about  an  hour's  labor  completes  the  nest. 

She  invariably  leaves  the  nest  open  when  she  goes  away,  but 
in  every  case  that  came  under  our  notice  the  spot  chosen  was 
protected  by  the  branches  or  leaves  of  some  weed  so  as  to  be 
invisible  from  above.  She  is  rarely  fortimate  in  one  respect, 
since  we  have  never  seen  a  parasitic  fly  in  attendance  upon  her; 
but  this  fact  makes  it  difficult  to  explain  her  wily  and  cautious 
approach  to  the  nest.  Why  should  she  spend  so  much  time  in 
getting  in,  scarcely  ever  dropping  directly  down  to  it  as  other 
wasps  do?  On  entering  she  often  leaves  the  hole  open  and  just 
as  often  closes  it.  The  closure  at  night  is  doubtless  to  protect 
the  nest  from  cold  and  dampness  but  in  day-time  it  may  be 
merely  the  result  of  her  pushing  back  the  loose  earth  which 
bars  the  passage  to  the  nest.  There  is  no  attempt  to  clear  away 
the  earth  from  the  outside.  The  appearance  of  the  nest  is  al- 
most identical  with  that  of  an  ant-hole,  a  tiny  opening  with  a 
circular  heap  of  earth  around  it.  The  entrance  tunnel  is  from 
two  and  one-half  to  three  and  one-half  inches  in  length  and  the 
neet  itself  is  from  one  and  one-half  to  two  and  one-half  inches 
below  the  surface. 

In  one  of  the  nests  that  we  opened  we  found  three  bugs. 
These  we  put  into  a  glass  with  the  wasp  that  had  taken  them 
in.  She  took  each  one  in  turn,  and,  standing  over  it,  venter  to 
venter,  squeezed  its  neck  very  slowly  for  half  a  minute  or  more. 
We  offered  her  several  live  specimens  of  the  same  species  but 
she  would  not  touch  them.  Of  those  that  were  taken  from  the 
nest,  one  was  injured  in  being  taken  out,  one  was  nearly  dead 
and  the  third  was  very  lively.  The  second  one  lived  three  and 
the  third  one  five  days  after  wej  disinterred  them. 

At  another  time,  having  found  a  wasp  that  was  provisioning 
her  nest,  we  waited  until  she  went  in  with  her  load  and  then 
placed  over  the  opening  an  inverted  tumbler  containing  seven 
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live  bugs  of  the  species  that  she  preferred.  When  she  came 
out  she  flew  about  in  the  glass  for  a  short  time  and  then,  seiz- 
ing one  of  the  bugs  by  the  head,  in.  her  mandibles,  and  holding 
it  dorsum  up,  she  curved  her  abdomen  under  it  and  stung  the 
lower  face  of  the  thorax.  We  were  close  by,  and  could  see  the 
performance  distinctly.  She  then,  without  relaxing  her  hold, 
walked  with  the  bug  into  her  nest  We  tried  to  get  her  to  take 
another,  but  without  success. 

Wishing  to  follow  the  fortunes  of  this  wasp  still  further  we 
came  down  to  the  garden  early  the  next  morning  and  stationed 
ourselves  near  her  nest.  It  was  nine  o'clock  before  she  made 
her  appearance,  and  then  she  spent  half  an  hour  in  the  imme- 
diate neighborhood,  walking  around  and  around  and  frequently 
flattening  herself  down  in  the  dust.  She  then  went  away,  per- 
haps for  breakfast,  coming  back  an  hour  later  without  any  load 
and  spending  twenty  minutes  inside  the  nest.  At  the  end  of 
this  time  (it  was  now  eleven  o'clock)  she  began  the  business  of 
the  day  by  working  for  ten  minutes  at  enlarging  her  nest. 
Then,  after  circling  about  and  alighting  again  and  again,  after 
standing  just  inside  the  doorway  and  looking  out,  and  after  ly- 
ing down  just  outside  the  doorway  and  looking  in,  this  most 
calm,  deliberative,  and  imhurriable  of  all  the  wasps  went  away 
and  caught  one  bug.  After  that  the  charms  of  home  again  as- 
serted themselves  and  the  circling  performance  was  repeated. 
We  tried  to  get  her  to  accept  a  bug  of  our  providing,  but  in 
vain.  At  half  after  eleven  she  took  her  departure  and  three 
hours  later  she  had  not  returned.  We  then  opened  the  nest 
(PI.  IX.,  fig.  6)  in  which  we  found  eighteen  bugs,  thirteen  of 
them  being  dead  and  five  living  as  was  shown  by  the  quivering 
of  their  legs  and  antennae  in  response  to  stimulation.  They  were 
all  mixed  with  earth  but  had  doubtless  been  stored  in  pockets 
like  those  ®f  unicolor.  We  f  oimd  no  eggs  nor  larvsB.  Of  the 
five  living  bugs  two  died  within  twenty-four  hours,  while  the 
others  lived  three  days. 

We  saw  another  of  these  wasps  carry  in  nine  bugs  during  an 
afternoon  and  the  following  morning.     Once,  when  she  came 
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out,  we  placed  a  large  bug  near  her.  She  seized  it  promptly 
and  stung  it  on  the  under  side  of  the  thorax  as  in  the  other  case, 
and  then  carried  it  into  the  nest  We  saw  no  malaxation,  but 
this,  perhaps,  was  done  inside. 

One  afternoon  we  saw  a  little  female  of  this  species  dig  a 
veiy  shallow  nest,  which  she  then  entered,  closing  the  door  be- 
hind her.  This  was  probably  only  a  temporary  shelter  to  be 
used  for  the  night. 

Astata  bicoloTy  with  her  dreamy  ways  and  reflective  turn  of 
mind  seems  out  of  place  among  our  restless  ArnmopMlae^ 
Sphegidae,  and  Bembecidae.  Her  character  is  distinctly  Ori- 
ental, and  nothing  of  the  hurry  of  the  West  is  seen  in  it  As 
might  be  expected  the  individuals  of  the  species  do  not  differ 
from  each  other  as  is  the  case  with  other  wasps.  We  found  a 
remarkable  unanimity  in  their  hours  for  rising  and  retiring,  and 
in  the  manner  of  digging  the  nest,  in  the  result  accomplished, 
and  in  their  habits  of  departing  and  returning,  each  one  was 
like  all  the  rest. 

So  far  as  the  habits  of  btcolor  have  a  bearing  upon  the  ques- 
tion of  the  stinging  instinct,  they  show  that  there  is  no  exact 
surgery  involved  in  her  method  of  dealing  with  her  prey.  She 
stings  in  the  thoracic  ganglion,  and  as  a  usual  thing  she  stings 
to  kill.  1%  may  be  that  in  some  cases  malaxation  is  substituted 
for  stinging,  for  a  few  of  the  bugs  taken  from  the  nests  seemed 
too  lively  to  have  been  subjected  to  so  serious  an  operation. 
The  second  conclusion  to  be  drawn  is  that  the  larva  of  bicolor 
subsists  principally  upon  dead  bugs.  There  is  no  wonderfully 
preserved  store  of  fresh  provisions  for  this  little  plebeian.  Bugs 
can  scarcely  be  considered  dainty  fare  under  any  conditions  and 
how  much  less  so  when  they  have  been  dead  for  daysl  Yet 
this  is  certainly  a  flourishing  species,  bearing  no  marks  of  de- 
generation or  decay. 
7 
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Aetata  Leuthstromii  Ashmead. 


It  wafl  on  the  fourteenth  day  of  July  that  we  saw  this  new 
species  which  is  a  little  longer  than  hicolor  and  dark  in  color. 
The  wasp  stood  with  her  head  peeping  out  of  a  hole  that  seemed 
too  large  for  it,  and  occasionally  scrambled  on  the  edges  with 
her  fore  feet  as  though  she  were  trying  to  get  out,  although  it 
may  be  that  her  object  was  to  draw  loose  dirt  down  into  the 
hole.  There  was  no  heap  of  earth  around  the  place  as  with 
the  nest  of  hicolor.  After  a  little  the  wasp  came  out  and  flew 
away  but  returned,  without  a  load,  in  ten  minutes,  and  after 
alighting  and  walking  about  for  a  while,  flirting  her  wings  as 
she  moved,  went  in  and  closed  the  door.  It  was  now  three  in 
the  afternoon,  and  she  did  not  open  the  nest  imtil  a  little  before 
nine  on  the  following  morning.  The  place  was  shaded  and 
perhaps  for  this  reason  she  did  not  go  out  at  once,  but  she  came 
up  every  few  minutes  and  looked  about,  not  jerking  her  head 
this  way  and  that  as  is  characteristic  of  some  of  our  wasps,  but 
frequently  wiping  in  a  little  dust  with  her  antennae. 

At  the  end  of  an  hour  she  flew  away  without  circling.  In 
ten  minutes  she  came  back,  flying  lightly  although  she  carried 
a  bug  in  her  mandibles,  and  after  alighting  for  a  moment  on  a 
blade  of  grass,  flew  into  her  nest,  passing  her  burden  backward 
as  she  entered  so  that  for  an  instant  it  projected  behind  her. 

Fearing  that  we  might  lose  our  wasp  if  we  let  her  go  again 
we  captured  her  as  she  came  out,  and  excavated  the  place,  but 
failed  to  trace  the  nest  or  to  find  the  hidden  treasure. 
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CHAPTER  X. 

The  Diodonti. 
Plates  X.,  fig.  6;  XIV.,  fig.  3. 

Along  the  fence  that  separatee  the  garden  from  the  woods  be* 
yond  grows  a  row  of  choke-cherry  bushes,  among  which  are 
mingled  wild  roses  and  the  tall  stalks  of  the  yellow  coreopsis, — 
a  touch  of  poetry  amid  the  prose  of  beans  and  potatoes.  It  was 
while  passing  these  bushes  one  day  early  in  July  that  we  saw, 
hovering  over  them,  numbers  of  little  black  wasps.  These  were 
the  DiodarUiy  and  closer  inspection  showed  that  they  were  busily 
engaged  in  catching  the  aphides  which  swarmed  on  the  under- 
sides of  the  leaves.  We  were  glad  enough  to  seize  the  oppor- 
tunity thus  offered,  and  for  this  and  several  succeeding  days  we 
devoted  ourselves  to  the  study  of  this  fearless  and  friendly  little 
species. 

Diodontus  americamis  is  one  of  the  tiniest  of  all  the  wasps, 
but  having  chosen  for  its  prey  Fomething  still  smaller  and  weaker 
than  itself  it  never  lacks  good  hunting.  Yet  the  wasps  and  the 
aphides  were  not  the  only  actors  in  our  modest  drama  of  the 
choke-cherry  bushes.  The  ants  were  also  on  hand,  solicitously 
tending  their  little  green  cattle.  As  might  be  expected  they  did 
not  look  upon  the  destruction  of  the  aphides  with  indifference 
but  gave  practical  proof  of  their  interest  in  the  matter  by  driv- 
ing away  the  attacking  wasps.  Had  they  combined,  and  sent 
out  detachments  to  protect  their  flocks^  the  Diodonti  might  have 
hunted  in  vain,  for  the  wasps  invariably  had  the  worst  of  it  in 
their  encounters  with  the  ants;  but  their  efforts  were  solitary 
and  did  not  count  for,  much,  since  a  wasp  that  was  driven  from 
one  group  at  once  settled  down  upon  another. 

In  Belt's  ^'Naturalist  in  Nicaragua^^  there  is  an  interesting 
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account  of  a  similar  state  of  things  existing  among  wasps,  ants, 
and  frog-hoppers.  He  tells  of  one  species  of  ant  which  has 
adopted  the  role  of  protector,  and  which  feels  its  responsibilities 
so  thoroughly  that  it  will  bite  the  hand  of  any  one  who  inter- 
feres with  the  young  frog-hoppers.  He  says,  "These  leaf-hop- 
pers are,  when  young,  so  soft-bodied  and  sluggish  in  their  move- 
ments, and  there  are  so  many  enemies  ready  to  prey  upon  them, 
that  I  imagine  that  in  the  tropics  many  species  would  be  exter- 
minated if  it  were  not  for  the  protection  of  the  ants. 

"Similarly  as.  in  the  Savannahs,  I  had  observed  a  wasp  attend- 
ing the  honey-glands  of  the  buUVhom  acacia  along  with  the 
ants;  so  at  Santo  Domingo  another  wasp,  belonging  to  quite  a 
different  genus  QfeetOArina),  attended  some  of  the  clusters  of 
frog-hoppers,  and  for  the  possession  of  others  a  constant  skir- 
mishing was  going  on.  The  wasp  stroked  the  young  hoppers, 
and  sipped  up  the  honey  when  it  was  exuded,  just  like  the  ants. 
When  an  ant  came  up  to  a  cluster  of  leaf-hoppers  attended  by 
a  wasp,  the  latter  would  not  attempt  to  grapple  with  its  rival  on 
the  leaf,  but  would  fly  off  and  hover  over  the  ant;  then  when 
its  little  foe  was  well  exposed,  it  would  dart  at  it,  and  strike  it 
to  the  ground.  The  action  was  so  quick  that  I  could  not  deter- 
mine whether  it  struck  with  its  fore-feet  or  its  jaws;  but  I  think 
it  was  with  the  feet.  I  often  saw  a  wasp  trying  to  clear  a  leaf 
from  ants  that  were  already  in  full  possession  of  a  cluster  of 
leaf-hoppers.  It  would  sometimes  have  to  strike  three  or  four 
times  at  an  ant  before  it  made  it  quit  its  hold  and  fall.  At 
other  times  one  ant  after  the  other  would  be  struck  off  with 
great  celerity  and  ease,  and  I  fancied  that  some  wasps  were 
much  cleverer  than  others.  In  those  cases  where  it  succeeded 
in  clearing  the  leaf,  it  was  never  left  long  in  peace;  for  fresh 
relays  of  ants  were  continually  arriving,  and  generally  tired 
the  wasp  out.  It  would  never  wait  for  an  ant  to  get  near  it, 
doubtless  knowing  well  that  if  its  little  rival  once  fastened  on 
its  leg  it  would  be  a  difficult  matter  to  get  rid  of  it  again.  If 
a  wasp  first  obtained  possession,  it  was  able  to  keep  it,  for  the 
first  ants  that  oame  up  were  only  pioneers,   and  by  knocking 
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these  off  it  p-eyented  tliexn  from  retuming  and  ficenting  the 
trail  to  commTmicate  the  intelligence  to  others.'' 

With  our  wasps  there  was  no  such  struggle  as  this  for  the 
possession  of  the  aphides.  Thej  made  no  resistance  and  we 
never  saw  them  try  to  strike  the  ants  from  the  bushes.  We 
have  been  especially  interested  in  Mr.  Belt's  opinion  that  some 
wasps  are  much  deverer  than  others  as  we  have  again  and  again 
noted  the  same  thing. 

We  found  that  when  a  wasp  secured  an  aphis  she  flew  with 
it  to  another  leaf  near  bj,  alighting,  this  time,  on  the  upper 
surface.  She  then  passed  it  back  from  her  mandibles  to  the 
second  pair  of  legs,  and  holding  it,  with  them,  under  her  body, 
she  proceeded  to  make  use  of  the  first  pair  in  giving  herself  a 
thorough  cleaning.  Her  face,  especially,  was  well  washed  and 
rubbed.  We  afterward  saw  other  wasps  put  themselves  in 
order  and  smooth  their  ruffled  plumage  after  catching  their 
prey.  Ammophila  was  especially  given  to  making  her  toilet 
on  these  occasions,  but  she  had  some  excuse  for  it  since  she 
could  not  subdue  her  victim  without  going  through  something 
of  a  struggle.  With  Diodontua  the  performance  became 
absurd,  since  the  capture  of  the  aphis  required  no  combat, 
scarcely,  indeed,  an  effort.  The  victim  was  merely  picked  up 
and  carried  off. 

Her  dainty  person  being  put  to  rights,  our  little  wasp  brought 
the  aphis  forward,  and  squeezed  its  neck  repeatedly  between  h«r 
mandibles.  With  Diodontus  this  malaxation  is  always  accom* 
plished  delicately,  so  that  the  skin  is  not  broken,  but  there  is  a 
considerable  variation  in  the  thoroughness  of  the  work.  In 
most  eases  the  aphides  are  killed,  since  we  afterward  found  that 
they  were  almost  invariably  dead  in  the  nests,  even  in  those  that 
were  freshly  provisioned.  In  other  cases  the  disturbance  was 
so  slight  that  they  were  able  to  walk  about  as  soon  as  they 
were  released,  seeming  to  be  scarcely  injured. 

To  see  the  whole  process  more  conveniently  we  repeatedly 
caught  a  wasp  and  placed  her  in  a  bottle  with  a  leaf  upon 
which  were  aphides.     Using   a  glass,  we  could  then  see  what 
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passed  very  distinctly.  The  tiny  wasp  would  pounce  upon  an 
aphis,  and  holding  it  with  the  first  l^s  would  squeeze  its  neck 
gently  between  the  mandibles,  rolling  it  over  and  over.  After 
a  few  moments  she  would  pass  the  aphis  back  to  the  second 
pair  of  legs  and  rest  for  a  short  time,  usually  taking  this  op- 
portunity to  wash  her  face.  She  would  then  bring  the  aphis 
forward  and  squeeze  it  again.  After  several  repetitions  of  this 
process,  the  aphis  would  be  dropped  and  another  one  picked  up 
to  be  dealt  with  in  the  same  way,  twelve  ob  fifteen  being  taken 
in  succession  before  the  wasp  tired  of  her  objectless  industry. 
In  the  open,  Diodontvs  oft^n  alights  on  one  leaf  and  malaxes 
her  victim  and  then  files  to  another  and  another,  repeating  the 
process  several  times  before  she  finally  files  off  to  her  nest 

We  were  surprised  to  find  that  the  wasp  never  used  her  sting. 
Since  death  is  to  be  the  result  it  would,  seem  that  the  end  could 
be  attained  more  easily  by  the  injection  of  a  drop  of  poison  than 
by  the  careful  and  laborious  process  which  is  used.  This  is 
not  from  any  rigidity  of  the  abdomen,  since  while  we  were 
haudliug  the  wasps  they  repeatedly  tried  to  sting  us,  although 
they  are  such  tiny  creatures  that  they  were  unable  to  puncture 
the  skin.  It  would  be  of  interest  to  know  whether  StigfrmSy 
which  also  captures  aphides,  and  Rhopalum  and  Crabro,  which 
take  gnats,  use  their  stings  in  killing  their  prey.  "We  have  seen 
the  vigorous  Polistes  fuBca  descend  upon  a  caterpillar  and 
reduce  it  to  a  pulp  by  squeezing  all  the  parts  with  her  mandi- 
bles, not  condescending  to  use  her  sting  at  all.  It  may  be 
that  this  is  the  common  method  of  capture  in  all  those  cases  in 
which  the  difference  in  size  and  strength  between  the  two 
actors  m  the  play  is  such  that  the  wasp  need  not  sting  her  victim 
in  order  to  reduce  it  to  helplessness  in  her  hands.  This  idea 
suggests  that  the  object  of  the  stinging  is  primarily  to  subdue, 
not  to  paralyze. 

The  next  question  that  confronted  us  was,  where  were  the 
nests  of  Diodontus'i  Here  we  met  a  difficulty  that  seemed 
absurd  enough  later  on  but  which  was  very  real  at  the  time. 
We  watched  the  wasps  carefully  as  they  prepared  for  fiight,  and 
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bent  all  our  energies  upon  keeping  them  in  view — ^in  vain.  They 
rose  upon  their  wings,  and  disappeared.  Baffled  again  and 
again,  we  called  the  children  of  the  household  to  our  aid  and 
offered  prizes  for  the  discovery  of  the  nests,  and  these  recruits, 
thinking  that  perhaps  the  wasps  crossed  the  garden  to  the  barn- 
yard, searched  that  enclosure  thoroughly,  and  found  in  the  straw- 
stack,  nests  indeed,  hundreds  of  them,  only  they  belonged  to 
Trypoxylon.  !N'ot  discouraged,  our  energetic  assistants  next 
scrambled  over  the  fence  to  the  north,  invading  the  woods,  and 
there  in  a  worm-eaten  weather-beaten  stump  they  found  more 
nests — but  they  belonged  to  Bhopalum  and  Stigmus.  Three 
days  passed  before  we  dropped  our  eyes  to  the  ground  at  our 
feet  and  found  that  there,  close  by,  were  the  abiding  places  of 
ZHodontus. 

From  the  outside  the  nests  show  a  tiny  hole  with  some  grains 
of  dirt  irregularly  heaped  around  the  edges.  "We  had  the  great- 
est difficulty  in  excavating  them,  as  the  crumbling  earth  fell  into 
the  narrow  gallery  at  every  touch,  making  it  almost  impossible 
to  trace.  The  nest  that  is  shown  in  th^  drawing  had  been 
started  in  a  smaU  lump  of  earth  which  lay  on  the  ground,  and 
this  made  it  easier  to  follow  the  entrance  tunnel.  (PI.  X., 
€g.  6.) 

It  takes  the  wasp  about  an  hour  to  dig  her  nest.  .  She  carries 
the  earth  out  with  her  mandibles  and  first  legs,  backing  from 
the  hole.  The  gallery  runs  in  obliquely  and  ends  in  a  pocket 
to  one  side.  The  nest  is  not  closed  until  the  provisioning  is 
completed. 

When  an  aphis  is.  brought  home  the  wasp  remains  within  the 
nest  only  a  few  moments  and  then  is  off  in  search  of  another. 
The  egg  is  not  laid  on  the  first  one  brought  in  since  it  is  often 
lacking  in  nests  which  contain  six  or  eight  aphides.  If  the 
weather  \a  hot  and  sunny  it  is  not  unusual  for  a  nest  to  be  made 
and  completely  provisioned  on  the  same  day,  but  when  it  is  cool 
or  cloudy  (m^erica/nus  works  veiy  slowly  or  not  at  all.  About 
forty  aphides  are  necessary  for  the  provisioning  of  a  single  nest. 

On  the  same  bushes  with  these  wasps  we  constantly  saw  a 
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dightly  larger  species  of  Diodonius  whicli  acted  in  every  way 
"like  americantis.  In  spite  of  all  our  efforts  we  were  unable  to 
find  the  holes  of  this  second  and  larger  species.  They  were 
present  in  large  numbers  and  it  seemed  improbable  that  they 
could  haye  nested  in  territory  so  familiar  to  us  as  the  garden 
came  to  be  without  being  discovered.  After  close  watching  we 
concluded  that  these  wasps  flew  over  the  fence  into  the  woods 
while  amerioanus  settled  down  dose  by. 

The  month  of  July  is  evidently  the  working  season  of  the 
IHod4mti  since  they  were  very  active  from  the  seventh  of  the 
month,  when  we  first  saw  them,  until  the  first  of  Augusts  From 
that  time  on  we  saw  them  less  and  less,  although  a  few  of  them 
were  still  at  work  three  weeks  later. 

.  On  July  twenty-fifth  we  first  saw  the  males  of  this  spedes^ 
which,  Mr.  Ashmead  tells  us,  had  been  unknown  before.  On 
this  and  on  succeeding  days  we  saw  them  mating  with  the  fe- 
males. As  the  females  had  been  laying  their  eggs  for  about 
three  weeks  the  males  had  probably  been  present  all  the  time, 
but  had  escaped  our  attention. 

The  parasitic  Chrysis  fly,  Omaltts  corruscans,  is  always  in  atr 
tendance  upon  americcmuSy  both  on  the  cherry  bushes  and  on 
the  ground  near  the  nests.  Brilliant  and  beautiful  but  full  of 
evil  intentions,  she  watches  their  comings  and  goings.  There  ia 
no  opportunity  for  her  to  lay  her  egg  on  the  aphis  outside  of 
the  nest.  Holding  it  closely  under  her  body  and  not  exposing 
any  part  to  attack,  the  wasp,  without  making  the  least  pause, 
flies  into  her  open  doorway.  When  she  comes  out  again  the 
enemy  is  still  lurking  near,  but  no  instinct  warns  her  to  cover 
her  treasure.  The  door  stands  wide  open  as  she  takes  her  de- 
parture, leaving  her  young  exposed  to  the  foe.  Perhaps  the 
danger  is  not  so  great  as  it  seems.  The  fly  certainly  penetrates 
into  the  nest,  since  we  have  found  it  in  the  gallery  when  exca- 
vating; and  in  one  case  we  found  a  strange  larva  feeding  on  the 
aphides  along  with  that  of  am^ricanvs;  but  it  may  be  that  the 
supply  of  food  is  so  ample  as  to  cover  the  needs  of  both.      At 
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any  rate  it  mubti  be  confessed  that  the  parasite  has  not  preyent- 
ed  americanus  from  becoming  a  flonrishing  species. 

Although  as  a  rule^  Diodontus  worked  for  the  coming  geneiv 
ation,  the  captured  aphis  sometimes  served  not  as  food  for  the 
young  but  as  a  dainty  morsel  for  herself.  In  these  cases  there 
waei  no  malaxation,  the  aphis  being  held  in  any  position  while  it 
was  sucked  dry  of  all  its  juices  and  then  thrown  away.  This 
may  be  a  further  development  of  the  habit  described  by  Belt  of 
stroking  the  f rog^hoppers  to  get  the  drop  of  honey  which  they 
can  yield  without  harm  to  themselves.  It  has  little  in  oommon 
with  the  method  of  Philanthus  apivoruSy  which,  according  to- 
Fabre,  squeezes  the  honey  from  its  bee  because  if  left,  it  would 
prove  fatal  to  the  young  larva.  It  is  rather  like  that  of  Ody- 
nerus  nidulator  which  takes  nothing  from  the  caterpillars 
which  are  destined  to  feed  the  young,  never  storing  up  those 
from  which  it  has  sucked  the  juices. 

Cerceris  omata  offers  us  still  another  habit  The  neck  of 
HaliduSj  its  prey,  is  brutally  compressed,  the  skin  being  broken 
so  that  the  juices  of  the  body  exude,  and  these  juices  are  licked 
ofP  by  the  wasp.**^  The  object  of  the  malaxation,  however,  seem» 
to  be  to  produce  lethargy  for  the  benefit  of  the  wasp  larva,  since 
the  bee  is  afterward  stored  up.  The  taste  that  the  wasp  gets  of 
bee- juice  is  rather  an  accident  than  anything  else.  How  is  it 
that  thei  honey  is  not  fatal  to  the  young  of  Cerceris j  as  it  is  to 
that  of  Philanthu8\ 

As  has  been  said,  the  excavation  of  the  ne«t  of  Diodonttis  is 
a  difficult  matter,  but  in  six  cases  we  succeeded  in  finding  the 
pocket  with  its  contents.  In  these  nests  the  number  of  aphide»^ 
varied  from  five  to  forty,  the  provisiomng  being  only  just  begun 
in  some  cases  while  in  others  it  had  been  completed,  and  the- 
nest  closed  up. 

With  a  single  exception  the  aphides  in  these  nests  were  dead. 
They  were  usually  green  when  first  taken  out  but  turned  yellow^ 

•Etude  Bur  V  Instinct  du  Cerceris  ornata,  Archives  de  Zoologie  Ex- 
pMmentale  et  GfoSrale,  Deuxiteie  S«rie,  Ty)Dae  V.,  1887,  p.  27. 
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by  the  second  or  third  day  and  by  the  fourth  or  fifth  were  all 
■dry  and  brown.  The  exception  to  the  rule  was  a  very  lively  lit- 
tle aphis  found  in  a  closed  nest  with  about  forty  dead  ones.  We 
have  no  doubt  that  tfaej  are  oft^i  alive  when  first  taken  in,  from 
the  fact  that  while  watching  the  action  of  the  wasps  in  the  bot- 
tle we  noticed  that  they  not  infrequentiy  left  the  aphides  al- 
most uninjured. 

In  four  of  the  nests  we  found  the  egg,  which  in  one  instance 
was  on  the  under  side  of  the  body  of  the  aphis,  while  in  the 
other  cases  it  was  placed  on  the  dorsum.  Perhaps  one  of  the 
eggs  was  laid  by  a  parasite  and  this  was  the  reason  of  the  dif- 
ference in  position. 

Only  two  of  the  eggs  hatched.  The  first  of  these  (No.  23) 
was  taken  from  a  nest  which  had  been  closed  up  at  three  in  the 
afternoon  on  July  twenty-second.  At  nine  in  the  morning  of 
July  twenty-fourth  we  found  that  it  had  hatched,  and  it  seemed 
to  be  a  few  hours  old.  The  egg  stage,  then,  probably  lasts 
about  thirty-six  hours,  although  we  judge  that  it  may  in  some 
instances  be  less  from  the  case  of  another  wasp,  No.  24.  This 
nest  was  also  closed  up  by  the  wasp  on  July  twenty-second,  and 
we  dug  it  up  on  the  afternoon  of  the  same  day.  The  larva, 
however,  hatched  at  nine  in  the  morning  of  July  twenty-third, 
nearly  a  day  sooner  than  the  one  in  nest  No.  23.  This,  to  be 
fiure,  may  have  been  due,  not  to  a  more  rapid  development  of 
the  egg,  but  to  its  having  been  laid  earlier,  perhaps  shortly  after 
the  provisioning  of  the  nest  was  begun,  while  in  the  other  case 
it  may  have  been  laid  after  thei  aphides  had  all  been  carried  «in. 
We  know  that  in  certain  other  wasps  (Pelopaeus)  there  is  just 
such  a  variation  as  this  in  the  point  of  time  at  which  the  egg  is 
laid. 

These  two  wasplings  lived  through  the  six  days  of  their  larval 
life.  They  ate  the  whole  aphis,  leaving  no  debris.  At  the  end 
of  that  time  one  of  them  died  and  the  other  spun  its  coooon.  In 
the  tube  with  this  later  larva  we  discovered,  on  the  seventh  day 
after  the  nest  was  taken  up,  a  second  smaller  larva  which  was 
also  eating  the   aphides.      This   one,   which  was  probably  the 
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young  of  0.  cnrruacans,  disappeared  two  days  later  without 
liaving  exerted  any  evil  influence  upon  the  destiny  of  the  right- 
ful owner  of  the  nest. 

Diodontus  gracilis  and  comiger  are  said  to  provide  aphides 
for  their  youngs  mating  their  nests  in  holes  in  posts,  while 
mmutvs  and  triatiSj  like  aniericanu8y  burrow  in  tLe  ground. 
Americ(mu8  seems  to  be  the  only  American  species  of  which 
anything  is  known. 
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CHAPTER  XI. 

SOME   GRAVE    DIGGERS. 

Cerceris  and  Philanthus. 
Plates  I,  figs.  3  and  8;  Vm.,  fig.  6;  IX.,  fig.  1;  XI.,  fig.  2. 

Duf our,  in  describing  the  fearful  -ravages  of  Cerceris  omata 
among  the  bees,  says  that  the  wasps  of  this  genus  are  among 
other  insects  what  eagles  and  hawks  are  among  birds.  While 
this  characterization  does  not  seem  to  fit  the  American  species 
it  is  certainly  true  that  the  genus  stands  out  as  one  of  those  in 
which  the  distinctive  peculiarities  are  strongly  marked.  They 
might  be  considered  the  aristocrats  in  the  world  of  wasps,  their 
habits  of  reposeful  meditation  and  their  calm,  unhurried  ways 
being  far  removed  from  the  nervous  manners  of  the  Pompilidae 
or  the  noisy,  tumultuous  life  of  Bembex.  Their  intelligence  is 
shown  by  their  reluctance  to  betray  their  nests,  and  by  their  un- 
easiness at  any  slight  change  in  the  objects  that  surround  them. 
It  is  not  necessary  to  attempt  to  catch  them,  or  to  make  threat- 
ening gestures  in  order  to  arotise  their  sense  of  danger.  If  you 
are  sitting  quietly  by  a  nest  when  the  wasp  opens  her  door  in 
the  morning  she  will  notice  you  at  one©  and  will  probably  drop 
out  of  sight  as  though  she  resented  your  intrusion,  into  her  pri- 
vacy. After  a  little  she  will  come  up  again  and  will  learn  to 
tolerate  you,  but  at  the  least  movement  on  your  part,  almost  at 
the  winking  of  an  eyelid,  shq  will  disappear. 

Our  three  representatives  of  this  genus  all  prey  upon  beetles 
that  are  injurious  to  vegetation,  and  therefore  deserve  the  grat- 
itude of  the  agriculturalist.  They  are  from  one-half  to  three- 
quarters  of  an  inch  in  length,  clypeata  and  deserta  being  band- 
ed with  bright  yellow,  while  in  nigrescens  the  bands  are  much 
paler,  being  gray  with  a  faint  tinge  of  yellow. 
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The  neets  of  our  species  are  all  deep,  tortuous,  and  veiy 
difficult  to  excavate.  We  have  never  succeeded  in  finding  their 
pockets  and  yet,  for  various  reasons,  we  feel  perfectly  certain 
that  nigrescenSy  deserta,  and  clypeata  are  like  (7.  omor 
ta  in  provisioning,  successively,  a  number  of  cells  which  lead 
out  of  the  main  gallery.  When  one  of  these  cells  is  filled  with 
food  and  the  egg  deposited,  it  is  probably  closed  up  and  thus 
separated  from  the  runway.  From  our  experience  late  in  the 
season  with  the  nests  of  another  wasp  (Astata  unicolor)  we  are 
inclined  to  think  that  we  made  a  mistake  in  looking  for  pockets 
at  the  lower  end  of  the  tunnel.  Had  we  searched  higher  up,  at 
the  point  of  the  curve,  we  might  have  found  them,  the  lower 
part  of  the  gallery  probably  being  designed  merely  for  a  dwell- 
ing place  for  the  mother  of  the  family. 

But  although  we  did  not  get  distinct  pockets  we  found,  in  at 
least  one  nest,  a  supply  of  food  that  would  have  far  exceeded 
the  wants  of  a  single  larva.  We  did  not  succeed  in  finding  dif- 
ferent eggs  on  different  groups  of  beetles  but  in  a  nest  into 
which  the  wasp  was  still  carrying  food  we  found  a  half  grown 
larva  which  was  identified  as  being  hers.  The  fact,  too,  that  a 
wasp  occupies  a  nest  for  so  long  a  time  as  ten  days  or  two  weeks 
points  to  the  conclusion  that  she  uses  it  for  a  niunber  of  eggs 
which  are  laid  at  intervals. 

Cerceris  digs  her  nest,  deep  as  it  is,  all  at  once.  In  this  she 
is  a  contrast  to  her  near  relatives  of  the  genus  Philanthm  who 
busy*  themselves  for  an  hour  or  so  every  morning  with  fresh  ex- 
cavations. 

Cerceris  clypeata  Dahlbom. 

Plate  L,  fig.  8. 

On  the  eighth  of  July  the  weather  was  so  warm  and  bright 
that  we  went  down  to  the  garden  at  half  past  eight  o'clock, 
knowing  that  it  was  rather  early  but  hoping  that  the  hot 
•sunshine  would  tempt  the  wasps  to  industry.  We  had  walked  up 
imd  down  several  times  when  suddenly,  right  in  the  pathway,  a 
nest  appeared.     A  great  quantity  of  loose  earth  had  been  taken 
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out  and  heaped  up,  probably  on  the  preceding  day,  and  in  the 
midst  of  this  a  little  hole  had  been  opened  since  we  passed  be- 
fore. The  place  looked  so  promising  that  we  sat  down  to  watch 
it>  and  a  few  minntes  later  we  were  rewarded  by  a  glimpse  of 
some  antennse  down  the  gallery,  and  then  a  little  face  with  yel- 
low markings  appeared  but  quickly  vanished.  Now  followed  a 
very  coquettish  performance.  The  wasp  came  slowly  creeping 
up  again  and  again  only  to  drop  out  of  sight  as  soon  as  she  had 
reached  the  opening.  After  a  time  she  grew  bolder  and  sat  in 
her  doorway,  twitching  her  head  this  way  and  that  in  a  very 
expressive  manner  as  though  she  were  planning  the  work  of  the 
day,  but  it  was  plain  that  although  she  was  up  early,  business 
cares  were  not  weighing  heavily  upon  her  mind,  for  forty  min- 
utes passed  before  she  came  out  of  the  nest,  and  after  making 
three  or  four  circles  about  the  spot,  flew  away. 

How  much  livelier  an^l  more  interesting  it  would  have  been 
if  we  could  have  followed  herl  We  tried  to  guess  at  what  she 
was  doing,  and  imagined  her  hunting  industriously.  After 
fifteen  or  twenty  minutes  it  seemed  to  us  that  she  must  have 
caught  something  and  that  she  was  surely  returning.  Most 
probably  she  was  not  working  at  all,  but  was  breakfasting  lei- 
surely and  exchanging  compliments  with  her  neighbors,  for 
when  she  did  come  home  after  keeping  us  waiting  for  an  hour 
and  a,  half,  she  brought  nothing  with  her  and  seemed  quite  un- 
conscious of  the  fact  that  greater  things  had  been  expected  of 
her. 

"We  had  placed  a  stone  upon  a  dead  leaf  near  by,  to  mark  the 
neighborhood  of  the  nest,  thinking  that  even  a  Cerceris  could 
not  object  to  so  simple  an  arrangement  of  natural  objects,  but 
our  wasp  noticed  it  at  once,  and  evidently  with  much  suspicion 
and  disapproval.  She  began  by  circling  several  times  just 
above  it.  Then  she  alighted  on  it  and  examined  it  carefully, 
walking  over  it  and  creeping  underneath,  perhaps  to  see  whether 
it  in  any  way  menaced  the  safety  of  her  nest,  perhaps  as  the 
completion  of  a  locality  study  made  the  day  before.     She  then 
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rose  on  her  wings,  and  after  a  litU©  more  circling,  dropped  sud- 
denly into  her  hole. 

So  far  we  had  not  been  getting  on  very  rapidly  but  from  this- 
time  things  took  a  turn.  Cerceris  is  never  in  a  hurry  and  yet 
she  may  be  relied  upon  to  do  a  certain  amount  of  work  every 
day.  The  one  that  we  were  now  watching  had  probably  come 
back  for  a  final  look  at  her  newly  made  nest  before  beginning  to^ 
provision  it,  for  she  soon  reappeared  and  this  time  really  went 
to  work  since  in  forty  minutes  she  brought  home  a  beetle  (BaJr 
aninus  nasious  Say.),  which  she  carried  by  the  snout,  venter  up, 
in  her  mandibles,  supporting  it  while  flying  with  the  second  pair 
of  legs.  She  was  much  annoyed  at  our  presence  and  circled 
about  as  before.  Twice  she  alighted  near  by  and  walked  about 
for  a  few  minutes,  and  when  she  did  this  all  her  feet  came  down 
to  the  ground,  the  beetle  being  allowed  to  hang  loosely.  At 
last  she  made  the  best  of  a  bad  matter  and  went  in.  The  rest 
of  the  morning  was  occupied  with  hunting,  the  captrje  of  each 
beetle  taking  about  forty-five  minutes.  Every  time  that  she 
came  home  she  spent  fifteen  or  twenty  minutes  in  the  nest. 

This  species  soon  became  very  common  and  for  two  weeks 
scarcely  a  morning  passed  without  our  finding  at  least  one  newly 
made  nest.  The  study  of  clypeata^  however,  consumes  a  great 
deal  of  time.  For  example  we  found,  one  morning,  two  nests 
within  six  inches  of  each  other.  It  turned  out  afterward  that 
these  were^  inhilbited  by  two  different  wasps,  but  at  the  moment 
we  supposed  that  one  of  them  had  been  dug  and  deserted  and 
then  a  second  one  made,  and  wishing  to  know  which  one  was^ 
occupied  we  resolved  to  watch  and  see.  After  waiting  for 
three  hours  we  aaw  one  wasp  returning  but  ujwn  noticing  us 
she  veered  off  and  began  to  circle  about.  She  was  heavily  laden 
and  her  burden,  instead  of  being  supported  by  the  second  pair 
of  legs,  as  is  sometimes  the  case,  hung  down  under  the  thorax 
and  abdomen.  After  a  moment  she  alighted  on  a  plant  near  by 
and  seemed  to  consider  the  situation,  then  circled  a  little  more 
and  flew  away,  remaining  out  ol  sight  for  fifteen  minutes,  thea 
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another  return,  more  circlings  and  hesitations.  She  seemed  to 
feel  the  weight  of  the  beetle  now,  and  alighted  frequently  on 
the  ground  and  walked  about,  yet  she  would  not  go  in,  so  reluc- 
tant was  she  to  betray  her  nest.  In  this  way  she  kept  us  wait- 
ing for  a  whole  hour,  although  we  were  not  sitting  very  close 
and  were  as  still  as  statues.  At  last  we  retreated  and  stood  as 
far  back  as  we  could  and  still  keep  the  hole  in  view.  She  now 
came  closer,  and,  after  hanging  poised  on  her  wings  for  a  mo- 
ment, dropped  into  her  nest. 

"We  once  found  a  nest  of  this  species  in  process  of  construc- 
tion. A  la]^  heap  of  fresh  earth  had  been  pushed  out  and 
this  entirely  covered  the  spot,  but  at  intervals  there  were  up- 
heavals from  below  which  betrayed  the  presence  of  the  wasp. 
When  we  saw  it  first  it  was  half  past  eight  o'clock,  and  we 
judged,  from  what  had  been  accomplished,  that  she  must  have 
been  at  work  at  least  an  hour.  It  was  half  past  nine  before 
the  excavation  was  complete.  We  had  not  been  certain,  up  to 
this  time,  as  to  what  we  were  watching,  but  now  we  had  the 
pleasure  of  seeing  her  open  her  doorway  from  below  and  stand 
in  the  entrance  while  she  washed  her  face,  very  prettily.  When 
they  rest  at  the  mouth  of  the  hole  the  first  legs,  which  are  yel- 
low, are  bowed  in  a  semi-circle  on  each  side  of  the  yellow  face, 
the  distal  joints  being  bent  up  so  that  the  wasps  seem  to  be 
standing  on  their  elbows.  This  attitude,  which  is  often  seen 
in  Bembex  spinoldCy  gives  them  a  delightfully  amusing,  bow- 
legged  appearance.  They  usually  open  their  nests  in  the  morn- 
ing at  about  nine  o'clock, — ^a  little  earlier  or  later  according 
to  the  time  at  which  the  sun  strikes  the  spot.  They  then  spend 
from  forty  minutes  to  an  hour  in  taking  a  survey,  the  least 
movement  on  the  part  of  a  watcher  causing  them  to  drop  out 
of  sight  as  if  the  earth  had  given  way  beneath  them.  Some- 
times there  is  a  little  way-station  an  inch  or  two  within  the  tun- 
nel, and  the  wasp  only  falls  back  to  this  point,  and  here  she  may 
be  seen,  if  one  peeps  in  cautiously,  either  quietly  awaiting  the 
Tetreat  of  the  intruder  or,  perhaps,  performing  her  toilet  in  a 
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leisurely  and  elegant  manner,  using  her  fore  feet,  like  a  cat,  to 
wash  her  face. 

Whenever  she  leaves  her  nest  she  makes  three  or  f  onr  rapid 
circles  around  the  spot.  This  is  doubtless  to  freshen  her  mem- 
ory of  the  locality.  We  once  saw  clypeata  make  a  thorough 
study  of  the  neighborhood.  This  was  in  the  case  of  the  wasp 
mentioned  before,  that  was  so  long  in  carrying  her  beetle  in  be- 
cause of  our  being  on  the  ground.  When  she  finally  did  go  in 
she  stayed  only  an  instant — just  long  enough  to  deposit  her 
load — and  then  came  out  and  spent  a  long  time  in  a  thorough 
investigation  of  all  the  surrounding  objects,  flying  in  and  out 
among  the  plants,  now  high,  now  low,  and  circling  again  and 
again  around  the  spot  It  looked  as  though  she  had  been  puz- 
zled and  disturbed  by  the  presence  of  unaccustomed  things.  As 
soon  as  the  survey  was  over  she  went  inside  and  closed  the  door, 
as  though  its  object  had  been  not  so  much  to  strengthen  her 
memory  as  to  correct  former  impressions. 

The  work  of  bringing  in  beetles  goes  on,  very  irregularly,  and 
as  a  rule  not  more  than  two  or  three  are  stored  in  the  course  of 
a  day.  It  is  not  unusual  for  clypeata  to  spend  three  or  four 
hours  away  from  home  and  then  come  back  without  anything, 
and  often,  even  in  the  middle  of  the  day,  she  passes  an  hour  or 
twoi  in  the  seclusion  of  her  nest.  We  had  several  nests  under 
observation  for  a  week  at  a  time  without  ever  once  seeing  the 
owners,  although  they  were  evidently  occupied  since  they  were 
sometimes  open  and  sometimes  closed.  The  outer  entrance  is 
always  left  open  when  the  wasp  goes  away,  although  possibly 
access  to  the  pockets  may  be  barred  below;  but  when  she  enters 
she  closes  the  door  unless  she  means  to  come  out  again  at  once. 
The  closing  is  sometimes  effected  by  pushing  the  earth  up  back- 
wards, with  the  end  of  the  abdomen,  but  the  hole  is  rather  too 
large  for  this  method  and  more  frequently  the  wasp  comes  up 
head  first,  carrying  a  load  of  earth  in  her  front  legs.  This  is 
placed  just  within  and  to  one  side  of  the  entrance,  and  then 
more  armf uls  are  brought  up,  until,  after  two  or  three  trips,  the 
opening  is  entirely  filled. 
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We  once  captured  tlie  wasp  in  a  bottle^  as  she  returned,  load- 
edy  to  the  nest.  She  dropped  the  beetle  but  soon  picked  it  up 
again  and  stung  it  vigorouslj,  with  intention^  as  the  French 
say,  first  under  the  neck  and  then  further  back,  behind  the  first 
pair  of  legs.  After  this  it  was  dropped  while  the  wasp  fluttered 
about  for  a  few  minutes,  but  it  was  then  picked  up  again,  and 
stung  as  before.  We  both  saw  this  operation  repeated  in  exact- 
ly the  same  way,  four  different  times,  with  intervals  of  five  or 
six  minutes  between. 

In  a  nest  which  we  excavated  after  watching  it  for  nine  days, 
we  found  nothing  until  we  had  gone  six  inches  down,  and  at 
this  point  the  tunnel  was  lost,  but  mixed  with  the  crumbly  earth 
that  we  took  out  of  the  hole,  we  found  eight  beetles  and  a 
half  grown  larva  of  clypeata.  The  destruction  of  this  nest  was 
accomplished  one  morning,  and  when  we  came  back  to  the  spot 
twenty-four  hours  later  we  found  that  a  new  one  had  been 
made  close  by,  doubtless  by  the  same  individual.  We  had  ex- 
pected to  find  her  bringing  beetles  and  dropping  them  foolishly 
on  the  ground  like  Paul  Marchal's  Cerceria  omata^  and  were 
gratified  that  she  showed  an  advance  in  intelligence  over  that 
species,  although  to  be  sure  she  would  have  been  still  wiser  had 
she  chosen  an  entirely  new  neighborhood.  Another  individual 
was  so  much  disturbed  by  our  scrutiny  that  she  dropped  her 
beetle  at  the  entrance  to  her  nest.  She  did  not  pick  it  up  again 
and  utilize  it,  although  it  lay  for  three  days  in  the  dust  at  the 
threshold. 

As  to  thei  condition  of  the  beetles  stored  by  clypeatay  in  the 
first  nest  that  we  opened  we  found  eight,  seven  of  which  were 
dead,  while  the  eighth,  which  we  had  just  seen  stung  several 
times,  was  alive  but  died  on  the  following  day.  The  second 
nest  gave  us  five  beetles,  all  of  them  dead  and  dry.  In  the  other 
nests  that  we  opened  we  found  nothing,  although  we  knew  that 
the  beetles  were  there  had  we  only  been  skillful  enough  to  dis- 
cover them. 
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Cerceris  deserta  Say. 

Of  this  species,  wMck  closely  resembles  clypeata  but  appears 
later  in.  the  seaaon,  we  had  only  a  single  example.  We  chanced 
to  see  her  dropping  into  a  crevice  among  some  lumps  of  earth 
and  at  first  could  scarcely  believe  that  this  was  the  dwelling 
place  of  a  wasp,  as  there  was  nothing  whatever  about  it  to  in- 
dicate a  nest,  and  even  after  we  had  removed  the  rough  pieces 
of  earth  above,  we  could  see  nothing  of  the  loose  material  that 
must  have  been  carried  out. 

She  was  much  like  clypeata  in  her  manners,  with  the  same 
habit  of  surveying  the  world  from  her  doorway  and  manifesting 
the  same  annoyance  at  our  presence  when  she  was  returning  tq 
the  nest,  but  she  carried  in  more  beetles  in  the  course  of  the  day 
and  worked  much  more  rapidly.  Between  nine  and  eleven 
o'clock  one  morning  she  brought  in  five  loads,  and  some  of  the 
journeys  occupied  only  ten  minutes. 

The  first  time  that  she  found  us  sitting  by  her  nest  she  circled 
about  for  nearly  an  hour,  seeming  unable  to  make  up  her  mind 
to  enter.  At  length  we  withdrew  a  little  way  but  still  her  sus- 
picions were  not  entirely  allayed,  and  after  a  further  study  of 
the  situation  she  dropped,  not  into  her  own  nest  but  into  a  large 
"Cricket  hole  near  by.  Taken  aback  by  this  manoeuvre,  and 
thinking  that  perhaps  we  had  a  second  individual  to  deal  with, 
we  stealthily  approached,  and  peering  in,  could  see  the  cricket 
inside,  the  wasp  having  slipped  beyond.  It  did  not  seem  po6- 
fiible  that  the  little  creature  could  be  endeavoring  to  deceive  us, 
and  yet  what  other  explanation  could  be  offered  for  her  con- 
duct? We  again  took  up  our  distant  position,  and  after  ten 
minutes  more  had  the  satisfaction  of  seeing  the  wasp  slip!  out  of 
the  false  nest  and  drop  instantly  into  the  ^rue  one.  After  a 
little  she  became  quite  accustomed  to  us  and  entered  her  nest 
without  the  least  delay. 

The  prey  of  deserta  (Ganotrachelus  posticatvs  Boh.)  is  held 
in  the  mandibles,  and  while  we  were  watching  her  she  did  not 
support  it  with  the  second  legs,  even   when  flying.     We  took 
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one  of  these  beetles  from  her  and  found  that  it  moved  the  tip  of 
the  abdomen  freely  whenever  the  body  or  legs  were  touched.  On 
the  next  morning  only  the  tips  of  the  legs  responded,  by  quiver- 
ing, when  the  body  was  touched,  and  two  days  later  it  was  un- 
questionably dead. 

This  species  sometimes  makes  quite  a  thorough  study  of  her 
nesting  place  before  leaving  it,  aad  then,  again,  she  will  fly  off 
without  pausing  at  all.  She  has  the  habit  of  making  a  number 
of  half  circles  in  front  of  the  spot,  and  then,  after  rising  a  little 
higher,  of  flying  several  times  completely  aroimd  it. 

The  observations  on  deserta  were,  made  between  the  twenty- 
fifth  and  twenty-ninth  of  August 

Cerceris  nigrescent  Smith. 

"We  had  long  been  familiar  vnth  the  sight  of  nigrescens  flying 
about  over  the  purslane  plants,  now  alighting  and  now  circling 
again,  before  we  succeeded  in  getting  close  enough  to  see  what 
she  was  doing.  What  we  had  sought  for  in  vain,  however,  came 
to  us  unasked.  We  had  just  entered  the  garden,  one  afternoon, 
when  we  saw  her,  bearing  some  kind  of  a  burden,  drop  into  an 
open  hole  almost  at  our  feet  After  a  few  moments  she  came 
out  and  flew  away,  and  we,  making  ourselves  as  comfortable  as 
circumstances  permitted,  settled  down  to  watch  the  course  of 
events. 

Forty  minutes  passed  before  we  saw  her  returning.  She  was 
evidently  carrying  a  load  which  she  seemed  to  hold  in  her  man- 
dibles. She  seemed  much  annoyed  by  our  proximity  to  her 
nest,  and  it  was  fifteen  minutes  before  she  could  make  up  her 
mind  to  go  in.  During  this  time  she  circled  about  within  from 
five  to  ten  feet  of  us,  alighting  frequently  on  the  weeds.  Once 
when  she  alighted  her  victim  seemed  to  struggle,  for  she 
pounced  on  it  and  grasped  it  afresh.  She  finally  dropped  inta 
her  nest  and  at  once  pushed,  up  a  large  quantity  of  earth  behind 
her.  As  she  had  not  done  this  the  first  time  that  we  saw  her  go 
in  we  took  it  as  an  indication  that  sht  meant  to  remain  at  home 
for  die  rest  of  the   afternoon,  and  this  proved  to  be  the  case. 
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We  watched  patiently  but  she  did  not  come  out,  and  at  the  end 
of  half  an  hour  we  covered  the  spot  with  a  glass,  first  marking 
the  nest  by  scattering  grass  seed  over  it.  These  seeds  had  not 
been  disturbed  at  sunset,  and  as  the  nest  had  been  closed  at  half 
after  two  o'clock  it  was  evident  that  she  had  finished  her  day's 
work  at  that  hour. 

On  the  following  morning  we  were  on  hand  at  an  early  hour, 
but  nigrescens  did  not  appear  until  nearly  nine  o'clock,  and 
then  it  was  only  to  put  her  head  outside  the  door  for  an  instant 
and  hastily  retreat  as  though  she  had  forgotten  some  important 
part  of  her  toilet.  At  nine  she  came  to  the  doorway  again  and 
took  a  survey  of  the  world,  turning  her  head  this  way  and  that 
with  an  air  of  elegant  leisure.  There  she  stood  in  placid  en- 
joyment of  the  morning  scene  for  just  half  an  hour,  when  she 
came  outside.  Fearing  to  let  her  go,  lest  she  might  not  return, 
we  caught  her  and  at  once  excavated  the  nest.  This  consisted 
of  a  tortuous  passage  three  and  a  half  inches  long,  which  ended 
in  a  pocket.  It  contained  eighteen  small  beetles,  all  of  which 
were  stiff  and  dead  excepting  two.  These  two  were  doubtful, 
since  although  they  gave  no  response  to  stimulation,  even  with 
alcohol,  they  were  fiexible  and  had  a  general  appearance  of  life. 
Three  days  later  these  too  were  stiff. 

These  observations  were  made  on  the  twenty-eighth  and 
twenty-ninth  of  August. 

Philanthus  punctatu^  Say. 
Plate  I.,  fig.  3. 

This  is  a  pretly  little  yellow  banded  species  much  resembling 
Cerceris  in  appearance.  The  nest  consists  of  a  main  gallery 
with  pockets  leading  from!  it,  each  pocket  being  stored  with  one 
egg  and  enough  bees  to  nourish  a  single  larva.  When  the  wasps 
emerge  from  the  cocoon  they  find  themselves  in  the  company 
of  their  nearest  relatives  and  in  possession  of  a  dwelling  place, 
and  they  all  live  together  for  a  time  before  starting  out  inde- 
pendently to  seek  their  own  fortimes.  On  the  fifth  of  August 
we  discovered  on  the  island  a  happy  family  of  this  kind,  consist- 
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ing  of  three  brothers  and  four  eisters,  the  females,  with  their 
bright  yellow  faces  and  mandibles,  being  handsomer  than  the 
males.  They  seemed  to  be  on  the  most  :jnicable  terms  with 
each  other,  their  only  trouble  being  that  while  they  were  all 
fond  of  looking  out,  the  doorway  was  only  large  enough  to  hold 
one  at  a  time.  The  nest  web  opened  in  the  morning  at  about 
nine  o'clock  and  during  the  next  thirty  or  forty  minutes  their 
comical  little  faces  would  appear,  one  after  another,  each  wasp 
enjoying  the  view  for  a  few  minutes  with  many  twitchings  of 
the  head,  and  then  retreating  to  make  way  for  another,  perhaps 
in  response  to  some  hint  from  behind.  Then  one  by  one  they 
would  come  out,  circle  about  the  spot  and  depart,  sometimes 
leaving  one  of  their  number  to  keep  house  all  day  alone.  They 
usually  left  the  hole  open  but  if  there  was  a  wasp  within,  it  was 
soon  closed  from  below.  During  this  playtime  period  they  did 
not  return,  until  they  were  ready  to  settle  down  for  the  night, 
the  first  one  coming  home  at  half  after  two  or  three  o'clock  and 
the  others  arriving  at  intervals,  none  of  them  staying  out  lateii 
than  five.  Most  commonly  they  found  the  right  spot  without 
trouble,  scratched  open  the  hole  and  then  either  closed  it  be- 
hind them  or  stood  waiting  in  the  doorway  for  the  next  arrival. 
Occasionally  they  had  difficulty  inl  locating  the  nest  and  worked 
at  two  or  three  different  places  before  finding  it 

Wei  kept  these  wasps  under  close  observation,  often  watching 
the  nest  from  the  moment  it  was  opened  in  the  morning  until 
it  was  closed  at  night.  On  the  twelfth  of  August,  a  week  from 
the  time  that  we  first  saw  them,  one  of  the  females  felt  the  re- 
sponsibilities of  life  settling  down  upon  her.  At  half  after  four 
in  the  afternoon  she  began  to  enlarge  the  nest  and  worked  with  a 
great  deal  of  energy  for  forty  minutes.  After  a  long  disappear- 
ance within  the  hole  she  would  come  upf  backwards,  kicking  be- 
hind her  a  quantity  of  earth  which  was  not  only  taken  outside 
but  was  then  spread  out  far  and  wide.  She  worked  with  the 
front  pair  of  legs  which  were  curved  inward,  after  the  manner 
of  BembeXy  and  when  a  pebble  or  some  such  object  came  in  her 
way  she  either   dragged  it  to  a  distance  with  her  mandibles  or 
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pushed  it  before  her  with  her  head  in  a  T/ay  quite  peculiar  t^ 
herself.  In  distributing  the  earth  that  was  taken  out^  she  went 
five  and  one-half  inches  from  the  nest — a  distance  which  is  much 
greater  than  is  common  among  wasps,  but  which  accords  well 
with  the  habits  of  punctattis,  since  she  continues  the  work  of 
excavation  from  day  to  day. 

On  August  thirteenth,  at  half  after  eight  in  the  mcming,  we 
found  that  a  second  female,  perhaps  inspired  by  the  example  of 
her  sister,  had  made  a  new  nest  within  two  inches  of  the  first  one, 
and  had  flown  away,  leaving  it  open.  Presently  the  other  wasps 
began  to  appear,  one 'after  the  other,  in  their  doorway.  Two 
of  the  males  flew  away  and  one  of  the  females,  doubtless  the  one 
that  we  had  seen  digging  the  night  before,  began  to  work  afresh 
at  making  the  nest  larger.  Probably  she  was  excavating  a 
pocket  for  the  reception  of  an  egg,  and  the  amount  of  labor  re- 
quired was  enormously  increased  by  the  great  length  (about 
twenty-two  inches),  of  the  main  gallery  by  which  the  displaced 
earth  must  be  carried  out.  She  worked  for  an  hour  and  in 
spreading  the  dirt  about,  inadvertently  filled  in  the  opening  of 
the  second  nest     At  length  she  flew  away. 

At  ten  o'clock  a  female  arrived  carrying  a  bee  of  the  species 
Halictus  disparalis  Or.,  and  tried  to  find  nest  No.  2.  She 
came  to  the  wrong  place  and  worked  about,  here  and  there,  for 
some  minutes,  holding  the  bee  under  the  thorax,^  clasped  by  the 
second  pair  of  legs.  Being  imsuccessful  she  dropped  her  bur- 
den and  flew  away  for  a  few  minutes.  While  she  was  gone  we 
removed  a  leaf  that  had  fallen  over  her  nest,  and  on  her  return 
she  at  once  descended  upon  the  right  spot  and  began  to  scratch 
open  the  entrance,  the  bee  being  kicked  backward  with  the  re- 
jected earth.  When  the  way  was  clear,  however,  she  picked  it 
up,  brought  it  toward  the  hole,  dropped  it,  ran  in  and  out, 
brought  it  nearer,  ran  in  again  and  turning  aroimd  in  the  tunnel 
seized  the  bee  in  her  mandibles  and  pulled  it  down.  This  per- 
formance was  due  to  the  accidental  obstruction  of  the  gallery, 
for  we  afterward  found  that  punctaUis  ordinarily  flies  directly 
into  her  nest,  or,  when  it  is  closed,  pauses  en  the  wing  to  scratch 
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an  opening  "witli  the  first  legs.  The  bee  is  pushed  backward  a 
little  as  she  goes  in  but  does  not  often  project  from  under  her 
abdomen. 

At  fifteen  minutes  after  ten  the  worker  from  nest  Xo.  1 
brought  in  a  bee,  and  from  that  time  the  two  worked  indus- 
triously. They  showed  some  individuality  in  their  ways,  for 
No.  2  always  closed  her  door  when  she  went  away  and  never 
circled  at  all,  while  No.  1  invariably  circled  before  leaving  and 
always  left  her  nest  open.  To  be  sure,  there  was  a  female  left 
on  guard,  so  that  perhaps  she  did  not  feel  the  need  of  caution. 

Our  wasps  had  not  far  to  go  for  their  victims.  Forty  feet 
away,  on  the  eastern  side  of  the  island,  was  a  steep  declivity, 
and  here,  in  the  soft  crumbly  soil,  was  a  great  Halictus  settle- 
ment. No  prettier  sight  can  be  imagined  than  is  presented  by 
this  colony  on  every  sunny  summer  day.  The  whole  bank  is 
riddled  with  nests  and  at  the  entrance  of  each  stands  a  male  bee, 
his  tiny  head  exactly  filling  the  opening.  The  females  are  con- 
stantly arriving,  laden  with  pollen,  whereupon  the  males  po- 
litely back  inward  to  make  way  for  them.  Into  this  scene  of 
contented  industry  descends  the  ravaging  Philanthus^  taking 
males  and  females  alike. 

On  the  afternoon  of  the  fourteenth  of  August  our  two  work- 
ers were  in  the  full  tide  of  affairs.  No.  1  took  in  eleven  bees 
within  two  hours,  but  her  record  was  somewhat  confused  as  two 
other  femalea  were  going  in  and  out  at  the  same  time.  We  felt 
sure  that  neither  of  these  was  hunting,  but  one  of  them  shared 
in  the  labor  of  the  nest  by  helping  with  th6  work  of  excavation. 

No.  2,  however,  was  alone,  so  that  we  could  keep  a  definite 
account  of  her  comings  and  goings.     Her  record  is  as  follows: 

Left.       Returned.  Left       Returned. 

1.48  2.07  3.38  3.55 

.    2.08  2.11  3.56  4.03 

2.12  2.19  4.04  4.22 

2.20  2.30  4.23  4.25 

2.31  2.37  4.26  4.55 

2.38  3.07  4.56  4.57 

3.08  3.28  4.58  5.20 
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At  this  last  return  she  brought  in  no  load  and  at  once  closed 
the  nest  for  the  night,  after  having  stored  thirteen  bees  in  three 
hours  and  nine  minutes.  It  will  be  noticed  that  in  some  cases 
the  capture  of  the  bee  occupied  only  one,  two,  or  three  minutes, 
while  at  other  times  she  was  gone  much  longer.  At  each  return 
she  stayed  only  an  instant — just  long  enough  to  deposit  the  bee — 
inside  the  nest,  the  minute  that  elapsed  before  she  flew  away  be- 
ing occupied  in  carefully  closing  the  hole.  The  wasps  that  were 
going  in  and  out  of  nest  No.  1  sometimes  closed  it  when  they 
went  away,  but  this  was  done  in  an  untidy  fashion,  quite  differ- 
ent from  the  nicety  and  precision  of  No.  2. 

At  half  after  five  o'clock  thef  wasp  that  had  been  digging  for 
some  little  time  at  nest  No.  1,  flew  to  nest  No.  2,  opened  it,  and 
attempted  to  enter,  but  was  quickly  driven  out  by  the  owner. 
She  then  dug  a  little  in  several  other  places,  finally  returning 
to  sleep  in  the  family  home.  On  the  next  day  we  found  that 
No.  2  was  tolerating  in  her  nest  one  of  the  females  that  had  not 
yet  begun  to  hunt,  but  whether  it  was  the  one  she  had  rejected 
the  night  before  or  the  fourth  member  of  the  sisterliood  we  could 
not  tell.  Oni  the  eighteenth,  three  days  later,  the  wasp  had  left 
this  temporary  home  and  made  a  nest  for  herself  four  feet  away 
on  the  hillside.  The  males  were  still  living  in  the  first  nest 
with  two  females. 

When  the  weather  was  cold  and  cloudy  pimctatus  remained 
closely  housed  within  the  nest,  or,  at  most,  came  out  to  do  an 
hour's  digging  and  then  again  disappeared.  The  warmer  the 
weather  and  the  more  brilliant  the  sunshine  the  more  rapidly 
they  worked.  When  leaving  the  nest  they  would  often  creep 
out  and  walk  around  it  three  or  four  times  before  rising  on  their 
wings,  and  even  then  would  sometimes  alight  once  or  twice  be- 
fore flying  away.  The  males,  especially,  liked  to  stand  about 
for  a  time,  watching  their  more  industrious  sisters  at  their  work. 
The  females  usually  began  the  day  with  digging,  aud  frequently 
closed  it,  toward  night,  in  the  same  way. 

In  order  to  see  the  method  of  stinging  we  at  one  time  provided 
ourselves  with  a  nimiber  of  bees,  and  putting  one  of  them  into 
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a  bottle,  introduced  a  wasp.  She  seized  it  almost  immediately^ 
with  great  vigor,  and  stun^  it  once,  under  the  neck,  and  then 
dragged  it  up  and  down  the  bottle  by  one  antenna  which  wa» 
held  in  the  mandibles.  After  a  moment  she  shifted  it  and  held 
it  with  the  second  legs  in  the  usual  way.  We  now  put  in  an- 
other bee  which  she  also  caught,  stung  in  the  same  place,  and 
then  dropped  without  relaxing  her  hold  of  the  first  one.  As  she 
seemed  to  have  nothing  further  to  show  us  we  released  her,  and 
after  circling  a  little  she  took  into  her  nest  the  bee  that  she  waa 
carrying. 

In  our  next  experiment  we  used  a  larger  glass,  thinking  that 
with  more  space  we  might  see  malaxation.  The  instant  that 
the  wasp  was  introduced  she  grasped  the  bee  with  one  rapiJ 
powerful  motion,  and  stung  it  just  under  the  neck  as  before. 
Then  holding  it  with  the  second  legs  she  began  to  fly  about  in 
the  glass.  We  now  introduced  another  bee,  whereupon  the  first 
one  was  relinquished,  and  the  second  was  treated  in  exactly  the 
same  way.  The  stinging  was  the  beginning  and  the  end  of  the 
operation,  and  when  we  released  her  she  at  once  took  the  bee 
into  the  nest.  There  was  no  malaxation  outside  and  certainly 
there  was  none  within,  as  was  shown  by  the  rapidity  with  which 
the  wasps  issued  from  the  nest  after  storing  the  bees.  We 
were  only  successful  in  getting  the  wasps  to  sting  when  we  tried 
the  experiment  with  those  that  were  hunting.  When  those 
that  had  not  yet  begun  to  store  their  nests  were  put  into  the  glass 
they  paid  no  attention  to  the  bees. 

The  victim  of  the  sting  of  punctatus  is  killed  at  once.  Life  is 
extinct  from  the  instant  that  the  stroke  is  given.  This  is  true 
also  of  the  honey-bee  that  is  the  victim  of  Fabre's  Philanthus 
apivoruSy  but  the  explanation  that  he  gives  of  the  action  of  his 
wasp  in  thus  dealing  sudden  death  instead  of  paralysing  its  foe — 
that  the  honey  must  be  sucked  out  of  the  bee  before  it  can  be 
safely  used  as  food  for  the  larva — does  not  hold  good  in  our 
case,  since  the  honey  that  Hali^tus  carries  to  mix  with  the  pollen 
upon  which  her  offspring  are  fed,  is  not  removed. 

As  time  went  on  we  found  on  the  island  two  other  Philanthtis^ 
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colonies,  although  that  is  rather  too  large  a  word  to  apply  to 
them,  since  one  consisted  of  four  nests  and  the  other  of  only  two. 
When  we  came  to  excavate  the  nests  of  this  species  we  were 
greatly  astonished  at  the  length  of  the  gallery,  and  not  until 
then  did  we  properly  appreciate  the  industry  of  these  little  wasps. 
It  is  no  small  undertaJdng  to  follow  one  of  their  tunnels  for 
twenty-two  inches,  even  when,  as  in  this  case,  the  greater  part 
of  it  is  parallel  to  the  surface  of  the  ground.  (PI.  XI.,  fig.  2.) 
We  did  not  find  distinct  pockets,  as  the  soil  was  very  crumbly 
and  fell  in  as  we  worked,  but  we  came  upon  clumps  of  bees  an 
inch  or  so  to  one  side  of  the  gallery  and  about  three  inches  apart, 
with  larvfiB  in  different  stages  of  development.  In  one  nest  we 
found  twenty-six  bees  in  two  clumps,  some  of  them  half -eaten 
and  some  of  them  fresh,  but  all  quite  dead.  We  have  no  doubt 
that  punctatiis  completely  provisions  one  pocket  and  closes  the 
opening  from  it  into  the  gaUeiy,  before  she  starts  another,  mak- 
ing a  series  of  six  or  eight  independent  cells.  The  provision 
for  one  larva  is  probably  twelve  or  fourteen  bees,  the  capture 
of  which,  in  good  weather,  would  be  a  fair  day's  work. 

That  the  males  do  not  always  stay  on  in  their  ancestral  home 
is  shown  by  an  observation  that  we  made  on  the  only  occasion 
that  we  ever  saw  this  species  in  our  garden.  Nothing  was  stir- 
ring at  half  past  three  o'clock  in  the  afternoon  and  we  had  given 
up  work  and  started  for  home,  when,  in  going  up  an  inclined 
part  of  the  field,  we  noticed  something  in  motion  within  a  ragged- 
edged  hole  which  ran  obliquely  into  the  ground.  It  seemed 
strange  that  a  wasp  should  be  beginning  its  nest  at  so  late  an 
hour,  but  a  wasp  it  was,  as  we  could  plainly  see  when  we  took 
an  attitude  sufficiently  humble.  It  was  loosening  the  earth  with 
its  mandibles  and  then  pushing  it  backward  with  its  hind  legs 
and  abdomen.  We  had  scarcely  settled  down  to  watching  it 
when  a  second  one  of  the  same  species  appeared,  and  with  a 
good  deal  of  fuss  and  flutter  began  to  dig  its  hole  close  by.  The 
spot  chosen  by  this  second  one  proved  unsatisfactory  and  another 
beginning  was  made  in  a  new  place.  Again  something  was 
vnrong,  nor  was  a  third  choice  any*  better.  At  last,  however,  the 
work  was  started  in  earnest  and  might  have  been  carried  to  a 
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conclusion  if  we  had  not  caught  the  little  creature  to  satisfy  a 
suspicion  that  had  been  growing  in  our  minds.  Yes,  we  were 
right  The  worker  was  not  a  female  making  a  nest  for  the 
rearing  of  her  young,  but  a  male  punctatus,  preparing  a  shelter 
for  the  night. 

In  the  meantime  the  first  wasp  had  pushed  back  such  a  quan- 
tity of  earth  that  the  hole  was  entirely  closed,  but  every  few 
minutes  he  came  backing  out  to  clear  the  way.  At  the  end  of 
half  an  hour  all  became  quiet.  The  door  remained  closed,  and 
doubtleas  the  wasp  was  fast  asleep.  Putting  a  blade  of  grass 
and  then  an  inverted  tumbler  over  the  nest  we  left  him  for  the 
night 

On  removing  the  glass  at  half  past  seven  the  next  morning 
we  found  the  nest)  open  but  the  wasp  not  visible.  At  half  past 
eight  the  head  appeared  just  inside  the  hole,  the  long  antennae 
twitching  now  to  this  fide,  now  to  that,  as  if  an  inspection  were 
being  made.  Soon  the  head  came  out  The  wasp  stood  for 
some  minutes  making  a  survey,  looking  to  right  and  left  with 
lively  jerks  of  the  body.  Then,  apparently  concluding  that  the 
day  was  not  far  enough  advanced,  he  came  out,  whirled  around, 
and  ran  head-first  into  the  nest.  He  probably  took  another 
nap,  for  all  was  quiet  until  just  before  ten  o'clock  when  the 
antennsB  appeared  again.  The  survey  was  taken  as  before,  first 
from  within  and  then  with  the  head  in  view.  At  last  he  flew 
out  and  making  three  circles,  each  one  wider  than  the  last,  about 
the  place,  flew  away.  He  staid  out  all  day  and  had  not  returned 
at  half  past  three  in  the  afternoon,  but  on  going  down  at  half 
past  four  we  found  that  he  had  gone  in  and  closed  the  door 
from  below. 

It  is  clear,  then,  that  these  males  do  not  construct  a  new  lodg- 
ing every  night  but  return  to  the  same  spot  to  sleep.  Other 
wasps  creep  into  crevices.  We  have  often  found  them,  in  the 
morning,  in  the  holes  of  the  posts  of  our  cottage  porch;  but  we 
are  glad  to  be  able  to  put  it  down  to  the  credit  of  one  male  that 
he  had  sufficient  foresight  and  industry  to  provide  a  sleeping 
place,  and  sufficient  intelligence  to  return  to  the  spot  when  the 
declining  sim  warns  him  that  evening  is  approaching. 
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CHAPTEE  XIL 

THE  SPIDER  RAVISHERS. 

Pompilus  and  Agenia. 
Plated  I.,  figB.  1,  2  and  7;  v.;  X.,  figs.  6,  7  and  8;  XII.,  fig.  5; 

xm.,  fig.  1. 

While  Ammophila  feeds  her  larva  upon  caterpillars,  and 
BembeWy  after  the  manner  of  the  social  wasps,  feeds  her  young 
from  day  to  day  on  dead  flies,  the  Pompilida€j  so  far  as  their 
habits  are  known,  all  prey  upon  spiders.  The  family  is  a  large 
one  in  the  United  States,  one  hundred  and  twenty-seven  species 
having  been  described.  The  members  of  the  group  differ  in 
size,  color,  and  habits,  and  the  individuals  of  the  same  species 
show  the  very  considerable  amount  of  variation  which  seems 
common  to  aU  those  groups  of  animals  which  have  been  care- 
fully studied.  Happily  the  old'  notion  that  habits  and  instincts, 
unlike  structural  peculiarities,  are  always  uniform,  is  no  longer 
insisted  upon,  and  there  is  ample  evidence  for  the  opinion  that 
functional  variations  are  as  common  as  morphological.  We 
have  studied  five  species  of  this  family  and  have  found  their  re- 
spective r61es  of  great  interest. 

According  to  Fabre  the  French  members  of  this  genus,  al- 
though they  do  not  make  their  own  nests,  still  exercise  some 
foresight  in  the  matter  by  selecting  a  suitable  crevice  before 
catching  their  prey.  Among  the  species  that  we  have  studied 
quinquenotatus,  biguttatn$,  fttscipennis^  murginatus,  and  irir 
terruptvs  first  catch  the  spider  and  then  make  the  nest;  while 
calipterus  and  scelestus  prepare  the  nest  before  capturing  their 
prey. 
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Pompilus  quinquenotatus  Say. 
Plate  n.,  fig.  7;  PL  X.,  figs.  6,  7,  8. 

This  wasp  is  usually  rather  less  than  half  an  inch  in  length 
and  is  black,  the  abdomen  having  a  variable  number  of  white 
bands  and  a  white  tip. 

It  was  on  the  last  day  of  July  that,  ac  we  were  walking 
through  the  bean  field,  we  saw  a  cloud  of  fine  dust  which  came 
spurting  up  out  of  the  ground  like  water  in  a  fountain.  By 
watching  intently  we  saw  that  the  cause  of  the  commotion  was 
the  rapid  action  of  the  legs  of  some  little  creature  that  was  al- 
most hidden  in  the  earth,  and  this  proved  to  be  our  first  example 
of  P.  quinquenotatus. 

She  was  working  away  as  furiously  as  though  she  had  studied 
the  poets  and  knew  her  carpe  diem  by  heart.  Faster  and  faster 
went  the  slender  little  legs,  higher  and  higher  rose  the  jet  of 
dust  above  her.  Then  suddenly  there  was  a  pause.  The  bur- 
rower  had  met  with  some  obstacle.  A  moment  more  and  she 
came  backing  out  of  the  hole,  her  feet  slipping  on  its  crumbling 
edges.  In  her  mandibles  she  carried  a  pebble  which  was  taken 
to  a  distance  of  four  or  five  inches.  Then,  moving  quickly,  she 
swept  away  the  dust  that  had  accumulated  near  the  mouth  of 
the  nest,  re-entered  the  hole,  and  resumed  the  labor  of  excava- 
tion, 

"We  thought  that  the  rate  at  which  she  worked  was  too  violent 
to  be  kept  up  very  long,  and  sure  enough,  before  ten  minutes 
had  passed  the  nest  was  deep  enough  for  her  purposes,  and  we 
afterward  learned  to  our  chagrin,  that  it  was  too  deep  for  ours. 
The  wasp  came  out,  circled  round  the  spot  three  or  four  times, 
and  then  flew  off  like  a  hurricane.  Never  have  we  seen  a  crea- 
ture so  fiery,  tempestuous,  cyclonic.  Before  we  knew  her 
proper  title  we  took  to  calling  her  the  Tornado  "Wasp,  and  by 
that  name  we  shall  always  think  of  her. 

Her  flight  was  too  rapid  to  follow  but  in  a  minute  we  saw  her 
returning.  She  waa  carrying  a  spider,  a  good  sized  specimen  of 
Epeira  strix,  which  she  had  evidently  deposited  somewhere  in 
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the  neighborhood  before  beginning  to  dig.  Alighting  near  by 
Bhe  left  the  spider  lying  on  the  ground  while  she  ran  to  her  nest 
and  kicked  out  a  little  more  earth.  Then  seizing  it  by  one  leg 
Bhe  dragged  it,  going  backward  herself,  into  the  nest.  She  re- 
mained hidden  for  about  two  minutes,  then  reappeared,  and, 
.seeming  to  be  in  as  great  a  hurry  as  ever,  filled  the  hole  with 
dirt.  To  disguise  the  spot  and  render  it  indistinguishable  from 
the  rest  of  the  field  was  her  next  care.  Hither  and  thither  she 
rushed,  now  bringing  little  pellets  of  earth  and  placing  them 
above  the  nest,  now  sweeping  away  the  loose  dust  which  might 
suggest  the  presence  of  the  cnchCy  and  now  tugging  frantically 
at  a  stone  which  she  wanted  to  place  over  the  hidden  treasure, 
but  which  was  too  deeply  embedded  in  the  earth  to  yield  to  her 
efforts.  She  did  her  work  faithfully  although  with  such  eager 
haste  that  all  was  completed  at  the  end  of  twenty  minutes  from 
the  time  we  saw  her  first.  So  well  was  the  place  hidden  that  it 
was  only  by  careful  orientation  that  we  could  be  certain  of  its 
exact  locality. 

Her  task  accomplished,  away  flew  our  little  tornado  aa  though 
she  were  pursued  by  the  avenging  spirits  of  all  the  spiders  that 
she  had  murdered,  although  more  probably  she  was  off  in  quest 
of  another  of  those  meek  and  helpless  victims. 

"Now,''  we  said,  "we  will  trace  out  the  nest  and  make  a  draw- 
ing of  it.  We  will  take  the  spider  home  and  note  its  condition 
irom  day  to  day,  watchicg,  at  the  same  time  the  development  of 
the  larva." 

Enjoying  this  little  air-oastle  we  began  to  excavate.  Having 
had  experience  with  the  nests  of  Ammophila  and  DiodontvSy 
.and  knowing  that  the  task  might  not  be  so^  easy  as  it  looked,  we 
went  to  work  with  all  possible  care.  It  seemed  however  that 
some  magician's  trick — some  deception  of  the.  senses — had  been 
played  upon  us.  We  saw  the  spider  interred,  we  at  once  dug  up 
the  place  and  found  nothing.  Slowly  and  carefully  we  en- 
larged our  circle.  We  went  down  deeper  until  the  opening  was 
large  enough  to  hold  a  thousand  spiders, — still  nothing.  Then 
we  tried  another  plan.     Gathering  all  the  earth  that  we  had 
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taken  out  we  sifted  it  through  our  hands — in  vain.  At  last  we 
acknowledged  ourselves  beaten,  and  trudged  home  empty- 
handed. 

Our  pride  was  destined  to  be  still  further  humbled.  Three 
times  within  that  same  week  we  saw  the  Tornado  "Wasp  bury 
her  spider,  and  three  times  we  failed,  just  as  incredibly,  to  find 
it.  On  the  last  of  these  occasions  we  did  not  let  her  fill  the  nest, 
attempting  to  follow  the  tunnel  and  get  out  the  spider  as  soon 
as  the  egg  was  laid,  but  the  lose  unstable  character  of  the  soil 
defeated  us. 

Our  fifth  example,  however,  dug  her  nest,  not  among  the 
beans  but  lower  down  in  the  potato  field,  where  the  ground  was 
firmer,  and  here  we  made  our  first  successful  excavation, — suc- 
cessful only  up  to  a  certain  point,  since  in  getting  out  the  spider 
we  dislodged  the  egg,  and  although  it  was  at  once  replaced  it 
never  developed.  The  spider  was  placed  three  inches  below 
the  surface  but  we  could  not  trace  whe  tunnel.  At  our  next 
opportunity,  wishing  to  make  good  this  failure,  we  placed  a 
blade  of  grass  in  the  opening  just  after  the  wasp  began  to  fill  it. 
On  being  disturbed  she  assumed  the  most  comically  threatening 
aspect,  whirling  around,  lifting  her  wings,  and  then  circling 
about  us.  As  soon  e^  we  moved  back  she  dashed  at  the  grass- 
blade  and  pulled  it  out  with  great  energy.  A  few  minutes  later 
we  made  a  similar  attempt  and  again  she  frustrated  our  plan, 
but  when  we  inserted  the  grass-blade  for  the  third  time,  the 
nest  being  now  half  filled,  she  let  it  remain.  Some  hours  later, 
with  this  to  guide  us,  we  succeeded  in  tracing  the  nest,  but 
much  to  our  disappointment  found  it  transformed  into  a  ban- 
queting hall.  Scores  of  tiny  red  ants  had  discovered  this  rich 
store  of  food.  They  had  eaten  the  egg  and  were  rapidly  finish- 
ing the  spider. 

Twice  afterward,  in  opening  these  nests,  we  found  the  same 
ants  in  possession  before  us.  It  is  probable  that  they  are  a 
formidable  enemy  to  this  and  other  species  of  PompiluSy  but 
they   seem  to  find  the  spider  by  burrowing  beneath  the  surface. 
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.-SO  that  the  elaborate  hiding  of  the  nest  from  above  eaniiot  be 
meant  as  a  protection  against  them. 

Pampilns  quinquenotattis  Las  a  decided  preference  as  to  the 
fipider  that  she  takes.  While  Pelopneus  and  Trypoxylon  are  en- 
tirly  indifferent  both  as  to  size  and  species,  and  the  more  nearly 
related  Pompilu^  margmatus  takes  ThomimSy  Drassus,  At- 
tus,  Agalena  or  Lycoaa,  this  more  fastidious  wa^p  will  not  be 
tempted  from  the  spider  of  her  choice.  In  more  than  fifty  ex- 
amples the  victim  in  the  play  was  invariably  Epeira  strix.  If 
she  must  confine^  herself  to  one  species  she  has  made  a  fortunate 
selection,  since  there  is  no  other  spider  so  common  in  our  neigh- 
borhood, not  only  in  the  woods,  but  around  the  bams,  and  out- 
buildings. Most  frequently  it  was  the  female  that  was  taken, 
but  this  does  not  imply  a  preference  for  that  sex,  since  the  fe- 
males are  more  abundant  than  the  males.  We  have  never  seen 
the  spider  captured  and  do  not  know  where  the  sting  is  given, 
but  certainly  this  wasp  wounds  her  prey  very  severely.  The 
spiders  that  we  took  from  her  were  either  dead  or  so  completely 
paralyzed  that  it  required  great  care  and  the  use  of  a  magni- 
fying glass  to  determine  that  they  were  alive. 

The  next  stage  of  her  proceedings  we  are  familiar  with,  as 
we  have  frequently  seen  the  wasp  carry  the  spider.  Unlike 
her  sister,  marginaUts,  she  usually  flies  with  it,  and  seems  not 
at  all  encumbered  by  its  weight.  In  many  cases,  however,  she 
-drags  it,  holding  it  by  one  leg  and  running  rapidly  backward. 

A  suitable  place  for  the  nest  being  found  the  spider  is  very 
prettily  taken  care  of  while  the  work  is  in  progress.  A  plant, 
usually  a  bean  or  a  sorrel,  is  chosen,  and  the  stri-x  is  hung  in 
the  crotch  of  a  branching  stem,  where  it  will  be  safe  from  the 
-depredations  of  ants.  (Plate  X.,  fig.  8.)  This  precaution  is 
not  always  taken.  We  have  many  times  seen  the  spider  left 
on  the  ground,  although  there  were  plenty  of  plants  at  hand. 

The  next  point  is  to  decide  upon  the  precise  spot  for  the  nest, 
and  here  our  wasp  shows  herself  very  uncertain  and  hard  to 
please.  Never  have  we  seen  one  settle  down  and  complete  her 
work   in  the   spot   first   chosen.     She    dashes   at  a  place   and 
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sciatcheB  and  digs  away  with  furious  energy  for  a  few  minutes^ 
and  then  starting  up,  she  darts  wildly  hither  and  thither  until 
a  new  place,  near  by,  is  fixed  upon  and  another  beginning  made. 
In  one  instance  eight  different  nests  were  started  and  some  of 
them  half  made,  the  little  worker  seeming  to  be  beside  herself 
with  excitement.  After  the  decision  is  finally  made  the  tun- 
nelling is  a  rapid  process.  In  one  case  it  took  the  wasp  a 
whole  hour  to  complete  the  work,  but  out  of  the  thirty  nest» 
that  we  saw  made,  nineteen  were  finished  in  from  twenty  to 
twenty-five  minutec.  Like  Fabre's  Sphex  the  wasp  interrupts- 
herself  three  or  four  times  to  visit  her  spider  and  make  sure 
that  it  is  safe.  When  all  is  done  she  brings  the  strix  to  within 
a  foot  or  two  of  the  opening,  runs  to  the  nest  to  take  a  final 
look,  and  then,  going  backward  herself,  pulls  it  inside.  In  two 
instances  we  saw  the  fidgety  little  creature  go  through  a  most 
comical  performance,  which  again  recalls  the  Sphex  of  Fabre. 
Leaving  her  treasure  on  the  ground  she  ran  to  the  nest  and 
kicked  out  a  little  more  earth;  hastening  back  she  dragged  it  an 
inch  nearer;  then  away  she  went  to  the  nest  again  for  more 
digging,  and  so  on,  dropping  her  spider  half  a  dozen  times 
before  she  at  last  brought  it  home.  In  two  other  cases  in  which 
there  was  no  such  anxiety  about  the  size  of  the  nest,  there- 
was,  in  reality,  more  reason  for  it.  Indeed  in  one  instance  the 
opening  had  to  be  enlarged  before  the  spider  could  be  taken  in. 

The  laying  of  the  egg  takes  only  two  or  three  minutes  and 
then  the  hole  is  filled  up.  In  this  part  of  her  work  quinque- 
notatus  shows  a  great  deal  of  variation,  sometimes  coming  out 
of  the  hole  and  sweeping  in  the  dirt  with  her  first  legs  and 
sometimes  standing  in  the  tunnel  while  she  draws  the  earth  in 
with  her  mandibles  and  then  jams  it  down  with  the  end  of  her 
abdomen.  The  former  plan  was  in  vogue  in  the  garden  while 
the  latter  was  more  common  with  the  wasps  on  the  island. 
After  the  hole  is  filled  the  spot  is  covered  with  pellets  of  earth 
and  pebbles  brought  from  a  littie  distance,  very  much  as  is. 
done  by  Ammophilja. 

When  we  found  that  quinqnenotatus  was  a  very   oommonr 
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species,  and  that  nearly  every  day  brought  us  a  fresh  example, 
we  thought  that  we  had  the  question  of  ite  stinging  habits  La 
our  own  hands.  What  could  be  easier  than  to  carry  a  strioo 
about  with  us  and  to  exchange  it,  when  opportunity  offered, 
for  the  paralyzed  spider  of  the  wasp?  The  good  results  ob- 
tained by  Fabre  and  Marchal  from  this  manoeuvre  made  us  con- 
fident of  success.  We  did  not  doubt  that  when  the  wasp  came 
for  her  spider  and  found  it  livelier  than  it  ought  to  be,  she 
would  repeat  the  stinging  operation  before  our  eyes. 

Accordingly,  the  next  time  that  we  saw  quinquenotatus  dig- 
ging we  made  a  diligent  search  for  her  spider  and  soon  found 
it  on  a  bean  plant  five  feet  away.  Just  as  we  discovered  it, 
however,  the  wasp  swooped  down  and  carried  it  to  some  purs- 
lane, close  to  the  hole,  where  she  hung  it  up  again,  while  she 
went  to  make  her  final  preparations  at  the  nest.  We  seized 
our  chance  and  quickly  substituted  a  fresh  strix  for  the  one 
that  had  been  paralyzed.  Acording  to  the  habit  of  its  species 
when  danger  threatens,  it  kept  perfectly  quiet,  and  when  the 
wasp  returned  it  was  hanging  there  as  motionless  as  a  piece  of 
dead  matter.  How  she  knew  the  difference  was  a  mystery,  but 
she  would  not  touch  it  She  seemed  to  think  that  she  had  made 
a  mistake  in  the  locality  and  that  her  own  spider  must  be  hang- 
ing somewhere  close  by,  for  she  hunted  all  over  that  plant  and 
then  over  several  others  near  to  it,  returning  continually  to  look 
again  in  the  right  spot.  After  five  minutes  she  gave  it  up,  cir- 
cled about  three  or  four  times,  and  flew  off  in  the  direction  of 
the  woods  to  oatch  another  spider.  Why  did  she  go  to  the 
woods?  When  she  realized  that  the  strix  she  had  stung  was 
gone  and  that  she  must  have  another,  why  did  she  not  take  the 
one  that  hung  there  in  plain  view?  Our  failure  could  not  have 
been  due  to  the  fact  that  we  had  handled  the  spider,  since  when, 
on  other  occasions,  we  took  one  that  had  been  paralyzed,  exam- 
ined it  and  then  returned  it  to  the  wasp,  she  accepted  it  without 
hesitation. 

Disappointed  though  we  were  at  the  irrational  conduct  of  our 
wasp,  we  resolved  to  await  her  return  and  to  try  again.     In 
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forty  minutes  ah«  came  bock  with  another  spider,  but  instead 
of  taking  it  into  the  nest  she  hung  it  upon  a  bean  plant  near  bj 
(Plate  X.,  fig.  7),  and  then  proceeded  to  dig  a  new  hole  a  few 
inches  distant  from  the  first  Foolish  little  wasp,  what  a  waste 
of  labor  1  Truly,  if  you  are  endowed  with  energy  beyond  your 
fellows  you  are  but  mea^erly  furnished  with  reason. 

Again  we  availed  ourselves  of  our  opportunity  and  substituted 
our  spider  for  hers.  This  time  it  had  grown  weary  of  playing 
its  motionless  r61e  and  frequent  readjustments  were  necessary 
in  order  to  keep  it  in  position.  At  the  moment  that  the  wasp 
came  back  to  take  it  the  spider  scrambled  from  its  place  and  be- 
gan to  make  its  way  along  the  stem.  The  wasp  evidently  saw 
it  for  she  hovered  over  it  a  moment.  She  then  flew  to  the  next 
plant  where  she  hunted  about  over  the  leaves  and  branches  in 
search  of  her  lost  treasure.  After  a  time  she  returned.  The 
spider  had  now  come  to  a  standstill  and  the  wasp  examined  it 
attentively,  although  without  touching  it.  She  then  flew  away 
without  circling  at  all,  which  might,  perhaps,  be  taken  as  an  in- 
dication that  she  had  no  intention  of  returning  to  a  place  where 
she  had  fared  so  badly. 

Just  at  this  moment  we  chanced  to  see  another  paralyzed  strix 
hanging  near  by.  Again  the  exchange  of  our  specimen  was  ac- 
complished, but  when  the  second  wasp  came  to  find  her  spider 
she  gave  us  no  more  satisfaction  than  the  first.  The  substitute 
hung  there  quietly  enough.  "We  ourselves  could  not  have  dis- 
tinguished it  from  the  original,,  but  quinqiwnotatus  took  a  good 
look  at  it,  decided  that  something  was  wrong,  hunted  about  a 
little  for  her  own  spider  and  then  flew  away. 

We  had  then,  as  the  fruit  of  our  morning's  work,  gained  noth- 
ing in  regard  to  a  knowledge  of  the  stinging  habits  of  our  wasp, 
but  at  least  we  had  secured  three  freshly  paralyzed  spiders  to 
add  to  our  laboratory  collection.  As  to  the  strix  that  had  so 
kindly  assisted  us  in  our  experiments,  we  placed  it  on  a  bush  in 
the  pleasantest  and  most  secluded  comer  of  the  garden  and  left 
it  there,  wishing  it  a  long  and  happy  life . 
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Later  on  in  tbe  seaBon  we  tried  the  same  experiment.  Taking 
her  spider  from  qumquenotatua  as  ahe  waa  dragging  it  to  her 
nest,  we  offered  her  a  very  lively  strix  in  its  place.  She  would 
not  notice  it  at  all,  and  soon  flew  away.  Half  an  hour  later  she 
reappeared  and  seemed  to  be  looking  for  a  place  to  dig.  As  she 
ran  about  on  the  ground  we  offered  her  another  spider,  dropping 
it  on  the  ground  in  front  of  her.  This  one  behaved  admirably, 
drawing  up  its  legs  and  keeping  perfectly  still,  not  moving  even 
when  she  felt  of  it  and  turned  it  over,  but  it  was  left  without 
any  display  of  interest  or  emotion. 

One  day  we  saw  a  gum^t^tiotatns  finish  her  nest  and  go  after 
her  spider.  She  waa  absent  for  some  time  and  when  an  ant 
passed  by  dragging  a  paralyzed  strix  that  had  evidently  been 
stolen  from  some  waap  we  thought  that  the  one  we  were^  watch- 
ing had  been  robbed,  and  rescuing  the  spider,  placed  it  in  the 
doorway  of  the  nest.  "We  had  judged  wrongly,  for  a  moment 
later  our  wasp  came  back  bringing  her  own  spider,  and  dropping 
it  near  by,  ran  to  look  at  her  nest  She  was  disturbed  at  finding 
the  way  blocked,  and  dug  out  a  little  earth  to  one  side  of  the 
stfix.  Then  she  flew  to  some  holes  in  the  ground  not  far  away 
and  dug  a  little,  first  in  one  and  then  in  the  other.  After  this 
she  took  a  look  at  her  spider  and  then  went  back  and  dug  a 
little  more  at  her  own  nest.  Finally  she  seized  the  impeding 
strix  by  a  leg  and  dragged  it  out  of  the  way  and  paid  no  further 
attention  to  it,  storing  her  own  spider  and  then  flying  away, 
although  the  one  she  had  rejected  might  have  saved  a  hunting 
expedition . 

At  another  time  we  saw  two  wasps  digging  their  nests  two  or 
three  feet  apart  One  of  them  finished  before  the  other  and 
being  unable  to  find  her  own  spider  (probably  it  had  been  car- 
ried away  by  the  ants),  she  seized  that  of  her  neighbor  and  bore 
it  away.  The  rightful  owner  saw,  from  a  distance,  what  was 
happening  and  ran  to  the  rescue.  A  violent  scrimmage  en- 
sued, the  two  wasps  clinching  and  rolling  over  and  over  together. 
The  robber  escaped  and  made  off  but  was  followed  and  caught 
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again.  She  fought  so  well  for  her  ill-gotten  treasure,  however, 
that  she  finally  conquered  the  other  and  hurried  off  with  her 
prize.  She  showed  by  her  manner  that  she  felt  the  need  of 
haste^  for  instead  of  laying  the  spider  down  and  looking  at  the 
nest,  she  dragged  it  directly  in,  as  though  she  feared  another  at- 
tack. This  was  the  first  time  that  we  had  ever  seen  these  wasps 
fighting  over  their  prey  and  we  were  surprised  to  find  that  they 
would  take  spiders  which  they  had  not  captured  themselves, 
since  when  we  had  tried  to  exchange  with  them  they  had  re- 
fused to  carry  out  our  scheme.  This  was  clearly  an  intelligent 
(immoral?)  act  and  could  not  be  an  affair  of  instinct 

Once  again  we  witnessed  a  similar  struggle.  One  of  these 
wasps  was  laboriously  dragging  her  strix  up  a  steep  hillside 
when  a  much  bigger  one  of  the  same  species  descended  upon 
her  and  seized  the  spider.  She  was  loth  to  give  it  up  and  they 
both  pulled  until  it  seemed  as  though  the  poor  creature  would 
be  dismembered.  The  highway  robber  came  off  victorious  and 
after  flying  to  a  distant^e  hung  the  spider  up  while  she  finished 
a  partly  made  nest,  and  then  stored  it  away.  It  may  be  said  in 
extenuation  of  her  conduct  that  since  she  had  a  nest  started  she 
had  probably  been  robbed  herself,  and  therefore  felt  that  she 
was  entitled  to  a  spider. 

The  nests  of  quinqtienotatua  vary  considerably  according  to 
the  kind  of  soil  in  which  they  are  made,  the  firm  clay  of  the  gar- 
den giving  a  result  quite  different  from  the  fine  dry  earth  of  the 
island,  in  which  they  are  usually  much  larger  and  scarcely  to  be 
distinguished  from  the  holes  of  Bembex  spinolae.  In  both  lo- 
calities, however,  the  nest  consisted  of  a  short  tunnel,  running 
obliquely  downward,  with  a  slight  enlargement  at  the  end,  but 
with  no  change  in  the  direction  of  the  gallery.  (Plate  X., 
fig.  6.) 

In  the  loose  sand  of  a  steep  hillside  we  found  that  the  wasps 
had  a  different  method.  Their  tunnels  in  this  place,  filled  up 
nearly  as  fast  as  they  could  dig  them,  and  when  they  had 
reached  a  depth  of  half  an  inch  they  turned  off  at  a  right  angle, 
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and  excavated  in  an  entirely  new  direction.  They  probably 
"derived  some  advantage  from  this  variation  for  we  saw  four  in 
sucoession  follow  the  same  plan,  which  certainly  appeared  to  be 
an  intelligent  adaptation  of  means  to  ends. 

We  once  saw  a  wasp  of  this  species  digging  her  nest  on  the 
Benibex  field.  "When  finished  it  was  a  large  hole  which  conld 
not  have  been  distinguished  from  those  of  spinolaej  which  were 
open  all  about,  for  the  weather  was  bright  and  sunny.  She 
went  away  and  soon  reappeared  with  her  spider,  which  was 
dropped  three  feet  away  while  she  ran  to  make  sure  that  all  was 
right,  and  now  followed  something  that  we  had  never  seen  be- 
fore— she  could  not  find  her  nest.  She  flew,  she  ran,  she  scur- 
ried here  and  there,  but  she  had  utterly  lost  track  of  it.  She 
approached  it  several  times,  but  there  are  no  landmarks  on  the 
Betnbex  field.  We  have  often  wondered  how  they  find  their 
own  places.  After  five  minutes  our  wasp  fiew  back  to  look  at 
her  spider,  and  then  returned  to  her  search.  She  now  began  to 
run  into  the  Bembex  holes,  but  soon  came  out  again  even  when 
not  chased  out  by  the  proprietor.  Suddenly  it  seemed  to  strike 
her  that  this  was  going  to  be  a  prolonged  affair,  and  that  her 
treasure  was  exposed  to  danger,  and  hurrying  back  she  dragged 
it  into  the  grass  at  the  edge  of  the  field,  where  it  was  hidden. 
Again  she  resumed  the  hunt,  fiying  wildly,  now,  all  over  the 
field,  running  into  wrong  holes  and  even  kicking  out  earth  as 
though  she  thought  of  appropriating  them,  but  soon  passing  on. 
Once  more  she  became  anxious  about  the  spider,  and  carrying  it 
up  on  to  a  plant  suspended  it  there.  Ifow  she  seemed  deter^ 
mined  to  take  possession  of  every  hole  that  she  went  into,  dig- 
ging quite  persistently  in  each,  but  •  then  giving  it  up.  One  in 
particular  that  was  close  by  the  spider,  seemed  to  attract  her  and 
she  worked  at  it  so  long  that  we  thought  she  had  adopted  it,  for 
it  seemed  to  be  unoccupied.  At  last,  however,  she  made  up 
her  mind  that  all  further  search  was  hopeless  and  that  she  had 
better  begin  de  novo,  and  forty  minutes  from  the  time  that  we 
saw  her  first  she  started  a  new  nest  close  to  the  spider,  as  though 
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she  -would  run  no  more  riflkfi.  This  nest  waB  successfully  com- 
pleted and  the  spider  was  stored  away  without  further  misad- 
venture. 

The  egg  of  quinquenotatus  can  be  but  lightly  attached  to  the 
spider,  for  only  once,  out  of  many  attempts,  did  we  succeed  in 
getting  it  out  without  displacing  it.  In  this  case  three  day& 
elapsed  before  it  hatched.  The  larva  ate  for  a  day  or  two  but 
then  pined  away  and  died.  Another  nest  was  opened  on  the 
tenth  day  after  the  egg  was  laid,  and  in  this  the  spider  had 
been  entirely  eaten  and  the  larva  was  just  spinning  its  cocoon^ 
so  that  the  larval  stage  probably  occupies  about  a  week. 

To  show  as  accurately  as  possible  the  effect  of  the  sting  of 
quinquenotatus  upon  her  spider,  we  quote  from  our  notes: 

No.  32.  August  6.  We  brought  in  three  freshly  paralyzed  speci- 
mens of  E,  strix  taken  from  quinquenotatus  before  they  were,  buried. 
For  purposes  of  comparison  we  killed  another  itrim  by  compressing 
the  head  and  thorax.  We  have  numbered  the  spiders  1,  2,  3,  and  4,. 
No.  4  being  the  one  that  we  killed,  and  have  placed  them  in  separate 
saucers.  No.  1  is  alive.  Nos.  2  and  3  give  no  response  to  stimulation 
and  we  believe  them  to  be  dead. 

August  7.    Nos.  1,  2,  and  3  are  all  alive. 

August  8.    Nos.  1,  2,  and  3  are  alive  and  in  good  condition. 

August  9.  The  three  spiders  are  alive  but  look  a  little  shrunken* 
So  far  as  we  can  see  there  is  no  difference  between  the  abdomens  of 
those  stung  by  the  wasps  and  the  one  we  killed;  but  the  cephalo- 
thorax  of  this  last  was  a  little  broken  and  hence  haa  become 
shrunken.  i 

August  11.  Nos.  1  and  2  are  still  alive.  No.  3  is  dead  and  is  evi- 
dently decomposing,  since  the  abdomen  is  soft  and  stays  indented 
when  touched.    This  is  also  true  of  No.  4. 

August  17.    Nos.  1  and  2  are  still  alive. 

August  19.  The  spiders  are  not  only  alive  but  are  becoming  more 
active.  When  touched,  No.  1  raises  the  first  pair  of  legs  to  the  pos- 
ture of  attack  or  defence.  It  can  almost  turn  itself  over  when  placed 
on  its  back.  To  move  the  saucer  is  a  sufficient  stimulation  for  thia 
one,  but  No.  2  does  not  respond  unless  touched.  While  No.  1  movea 
the  first  pair  of  legs  most  readily,  No.  2  moves  the  second  pair  more 
than  the  first. 

August  21.  The  two  spiders  seem  to  be  regaining  their  health.  No» 
1  moves   the  body  and  all  the  legs  vdthout  stimulation,  and  almost 


Digitized  by  LjOOQIC 


THE  SPIDER  RA  VISBERS.  137 

turns  itself  over.'  No.  2,  when  touched,  moves  first,  second,  and  fourtk 
pairs  of  legfs. 

August  22.  Both  spiders  have  lost  power  since  yesterday.  No.  1 
moves  only  when  touched.  No.  2  scarcely  responds  at  all,  and  has  its 
legs  drawn  up. 

August  24.  Both  alive.  No.  1  is  better  again— indeed  very  lively. 
One  touch  makes  it  move  the  four  anterior  legs  up  and  down  twelve 
or  fifteen  times,  without  stopping.  No.  2  looks  like  a  dead  spider,  but 
when  it  is  touched  there  is  a  feeble  quivering  of  the  legs. 

August  29.  No.  2  is  dead.  No.  1  is  as  lively  as  ever.  When  touched 
it  struggles  for  more  than  a  minute.    It  can  almost  turn  over. 

September  2.  The  spider  gains  strength,  and  now  moves  its  legs, 
vdthout  being  stimulated. 

September  6.  The  spider  succeeds  in  turning  over  when  placed  on 
its  back. 

September  15.    The  spider  is  still  in  good  condition. 

No  further  record. 

No.  43.  August  8.  Took  Hrix  from  a  nest  of  quinquenoiatta.  It  is 
barely  alive. 

August  10.  When  the  spider  is  stimulated  the  tip  of  the  left  an- 
terior leg  quivers  a  very  little. 

August  12.    The  spider  is  oead. 

August  16.  The  body  is  beginning  to  soften  and  stays  indented 
when  touched. 

August  19.    Spider  quite  dry  and  hard. 

No.  59.  August  26.  Took  spider  from  wasp  as  she  was  dragging  it 
to  her  hole.  It  was  plainly  dead,  the  cephalothorax  having  been 
badly  squeezed. 

No.  52.  August  16.  Opened  nest  of  quinquenotatus  and  took  out 
the  spider.  We  cannot  determine  whether  it  is  dead.  Under  the 
glass  there  seems  to  be  a  slight  quivering  of  the  legs. 

August  17.    The  legs  quiver. 

August  26.  There  is  still  a  slight  quivering  in  response  to  stimula» 
Hon. 

August  28.    The  spider  is  dead. 

A  summary  of  our  notes  shows  a  very  wide  variation  in  the 
condition  of  the  spiders.  Out  of  eleven  that  were  stung  three 
were  killed  at  once,  two  lived  four  days,  one  five,  one  eleven^ 
one  twenty-three,  one  twenty-five,  one  thirty-one,  and  one  at 
least  forty  days  and  probably  longer. 
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Fabre  bases  his  very  strongest  arguments  for  tke  exactness  of 
the  method  by  which  wasps  sting  their  victims^  upon  the  actions 
of  one  of  the  Pompilidae*  but  certainly  P.  quinquenotatus  can 
make  no  claim  to  nice  workmanship,  for  if  she  occasionally 
stings  in  such  a  way  that  life  is  preserved  for  some  time  it  seems 
to  be  a  matter  of  chance  rather  than  of  skill.  In  one  respect, 
however,  looking  at  the  matter  from  Fabre's  point  of  view,  she 
is  very  successful.  Her  victim  is  left  so  motionless  as  ta  be  a  per- 
fectly safe  repository  for  the  egg.  Even  in  the  case  of  the 
spider  that  lived  forty  days  the  power  of  motion  did  not  return, 
to  any  extent,  during  the  first  ten  or  twelve  days,  and  before  this 
time  in  the  natural  course  of  events,  there  would  have  been  noth- 
ing left  to  move. 

We  look  back  with  much  pleasure  upon  our  acquaintance 
with  this  gay,  excitable  little  wasp.  She  was  so  full  of  breezy 
energy  that  it  was  always  delightful  to  meet  her,  and  she 
showed  so  wide  a  variation  in  individual  character  that  we  sel- 
dom watched  her  without  learning  something  new. 

Pompilus  higuttatus  Fabr. 

This  wasp  varies  from  one-quarter  of  an  inch  in  length  to 
three  times  that  size,  and  is  marked  with  one  or  two  interrupted 
white  bands  on  the  abdomen.  It  is  extremely  common  upon  the 
island  in  our  lake,  the  males  especially  appearing  in  swarms 
about  the  first  of  August,  when  they  may  be  seen  attempting  to 
mate  not  only  with  females  of  their  own  kind  but  also  with 
those  of  quinquenotatuSj  which  is  sometimes  described  as  a  vari- 
ety of  the  same  species.  Their  habits  are  certainly  much  alike 
although  quingtienotatus  is  distinctly  the  more  excitable  of  the 
two,  and  preys  solely  upon  Epeira  atriXy  while  higuttatus  is 
occasionally  seen  with  Epeira  Xahyrinthea^  a  much  less  common 
spider.  One  peculiarity  of  higuttatus  is  her  passion  for  wash- 
ing herself.  After  she  has  caught  her  spider  and  bestowed  it 
safely,  she  flies  to  an  adjoining  plant  and  falls  to  brushing  off  her 
wings  and  legs,  and  washing  her  face  again  and  again,  as  though 
♦Souvenirs  Entomologiques,  Quatridme  S^rie,  p.  267. 
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flhe  would  never  finish.  When  at  last  she  is  satisfied  with  her- 
self she  searches  for  a  nesting  place^  starting  and  abandoning  a 
number  of  holes  before  she  settles  down.  After  a  little  work 
she  becomes  anxious  about  her  spider  and  goes  back  to  look  at 
it,  but  instead  of  going  to  the  spot  she  usually  flies  to  the  place  of 
her  washing  operations,  and  hunts  about  for  five  or  ten  minutes 
before  she  finds  the  right  plant.  Tinder  like  circumstances  quin* 
quenotatus  would  be  wild  with  excitement  and  anxiety,  but  it 
is  not  so  with  biguttattis — she  is  even  calm  enough  to  stop  an<! 
sip  nectar  from  the  flowers.  After  she  has  rediscovered  her 
treasure  she  does  not  leave  it  until  she  has  circled  about  the 
place  to  impress  the  surroundings  upon  her  memory.  As  a  re- 
sult, when  she  next  visits  the  spider  she  finds  it  without  diffi- 
culty. She  often  comes  back  to  look  at  it  four  or  five  times  be- 
fore the  nest  is  finished,  the  process  taking  anywhere  from  fif- 
teen minutes  to  an  hour.  The  tunnel  runs  in  obliquely  for  an 
inch  or  an  inch  and  a  half  and  ends  in  a  slight  enlargement. 
The  filling  is  sometimes  done  from  within,  the  wasp  standing  in 
the  hole  while  she  draws  the  earth  in  with  her  mandibles  and 
jams  it  down  with  her  abdomen;  and  sometimes  from  without, 
the  earth  being  kicked  in  and  the  surface  then  smoothed  over. 
When  we  once  interrupted  the  process  in  order  to  dig  oui  the 
«pider,  the  courageous  little  wasp  alighted  upon  the  knife  with 
which  we  were  working,  in  her  effort  to  protect  her  nest. 

We  have  never  seen  bigvttatus  make  a  long  flight  while  car- 
rying her  spider,  as  is  commonly  done  by  quinquenotatus,  her 
most  common  habit  being  to  run  backward,  dragging  it  by  a 
leg.  In  three  instances  that  came  under  our  notice  the  wasp 
seemed  resolved  not  to  take  one  step  on  the  ground,  and  made 
her  way  along  by  climbing  backward  up  on  to  some  elevated 
place  and  then  flying  forward  in  the  direction  that  she  wished 
to  pursue.  These  flights  were  short,  covering  only  from  two 
to  fourteen  inches.  As  soon  as  she  alighted  she  began  to  climb 
again,  perhai)s  only  to  the  top  of  a  stone  or  a  lump  of  earth,  if 
nothing  higher  were  at  hand,  but  oftener  scrambling  up  the 
stem  of  some  plant  or  blade  of  grass.     This  mode  of  progress 
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was  not  well  adapted  to  getting  acroes  the  onion  field,  and  a 
wasp  looked  very  absurd  trying  to  go  backward  up  the  slippery 
stalks  for  five  minutes  at  a  time  without  making  the  slightest 
advance.  In  other  cases  she  kept  patiently  to  her  feet  until 
she  came  to  a  plant  that  was  not  only  easy  to  climb,  but  high 
enough  to  give  her  a  real  advantage. 

In  taking  the  spider  to  its  final  resting  place,  biguttatus  drops- 
it  once  or  twice  by  the  wayside  while  she  inspects  the  nest  and 
perhaps  adds  a  few  finishing  touches.  At  the  last  she  backs  in^ 
dragging  it  after  her. 

An  egg  that  we  took  from  a  nest  just  after  it  was  laid,  was 
fastened  to  the  spider  on  the  right  side  of  the  abdomen.  It 
hatched  at  the  end  of  forty  hours,  and  had  a  healthy  larval  life 
of  eight  days,  spinning  its  cocoon  on  July  twentieth.  On  the 
fifteenth  of  August  we  found  that  it  had  flown. 

Of  three  spiders  stung  by  higntiaius^  one  was  dead  when 
taken  from  the  wasp.  The  second,  taken  on  July  sixth,  seemed 
to  be  quite  dead  until  the  eighth,  when  it  gave  a  slight  response 
to  stimulation.  From  this  time  it  improved,  at  first  slowly  and 
then  rapidly,  until  on  July  fifteenth  it  drank  water  and  moved 
all  its  legs  without  stimulation.  On  the  eighteenth  it  began  to 
walk,  and  by  the  sixth  of  September  it  had  entirely  regained  its 
health  and  was  released.  The  third  spider,  which  was  taken 
with  the  egg  upon  it,  lived  until  it  was  destroyed  by  the  larva. 

Pompilus  fuacipennis  St.  Fargeau. 

PI.  I.,  fig.  2;  PI.  Xn.,  fig.  5. 

This  species,  which  is  a  little  smaller  than  P.  quinquenotauSj 
is  black,  with  the  red  girdle  that  appears  so  frequently  among 
the  solitary  wasps.  The  first  time  that  we  ever  saw  this  wasp 
she  was  running  rapidly  backward  over  the  bare  ground,  the 
brilliant  red  of  her  body  flashing  in  the  sunlight  as  she  dragged 
along  a  little  spider  of  the  genus  Thomisvs.  Presently  she 
carried  it  up  on  to  a  leaf  and  began  to  bite  at  it,  but  being  dis- 
turbed by  an  ant,  hurried   on   with  a  much   agitated   manner- 
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'Soon  she  stopped  again  and  resumed  her  attack,  biting  savagely 
^t  the  legs  near  their  junction  with  the  body  and  now,  looking 
closely,  we  saw  that  two  of  them  had  been  completely  cut  off. 
While  occupied  in  this  way  the  wasp  was  evidently  intensely  ex- 
•cited.  She  lay  on  one  side  with  the  abdomen  bent  under,  turn- 
ing the  spider  over  and  over  as  she  worked.  After  a  time  she 
<5arried  it  onward  to  the  potato-field,  where  the  plants  afforded 
aome  shelter,  and  placing  it  upon  a  leaf,  well  above  the  ground, 
began  to  dig  near  by.  She  worked  almost  entirely  with  her 
mandibles,  lying  sometimes  on  her  side  and  sometimes  on  her 
back  as  she  cut  away  the  earth,  which  was  pushed  out  with  the 
•end  of  her  abdomen.  When  she  had  worked  for  ten  minutes 
and  had  gone  in  the  length  of  her  body,  she  picked  up  the  spider 
and  made  rapidly  off  with  it,  several  times  rising  on  her  wings 
and  flying  backward  for  a  few  inches.  A  little  further  along 
she  again  deposited  it  on  a  leaf  and  began  to  dig  in  a  fresh  place. 
At  the  end  of  twenty  minutes  the  nest  was  ready  but  in  bring- 
ing the  spider  she  missed  her  direction  and  carried  it  to  one  side. 
Dropping  it  on  the  ground  she  began  to  hunt  about  for  her 
iole,  but  was  distracted  with  excitement  and  ran  so  far  afield 
that  we  feared  she  would  never  find  it.  At  last,  however,  she 
<»me  to  the  place,  ran  in  for  a  moment,  brought  the  spider 
nearer,  dropped  it  and  ran  to  the  nest  once  more,  caught  it  up 
again,  and  tried  to  back  in  with  it  She  was  holding  it  by  the 
under  side  of  the  body,  the  venter  being  toward  the  hole,  and 
the  legs  spread  out  and  stopped  its  entrance.  A  moment's  tug- 
ging convinced  her  that  this  would  not  do,  and  she  then  turned 
the  spider  over,  holding  it  by  the  back,  whereupon  the  legs  at 
once  folded  themselves  across  the  underside  of  the  thorax  and 
the  spider  was  drawn  out  of  sight. 

After  the  egg  was  laid  the  wasp  came  up  to  the  edge  of  the 
hole  and  drawing  in  some  earth  with  her  mandibles  began  to 
dance  up  and  down  upon  it,  jamming  it  into  place  with  her 
abdomen.  Afterwards  she  came  up  higher  and  drew  the  dirt 
in  with  her  first  legs,  not  getting  out  of  the  hole  until  it  was 
•entirely   filled   up.      Then   began  a  remarkable   performance. 


Digitized  by  LjOOQIC 


142  THE  SOLITAR  Y  WA  SFS. 

Bracing  herself  firmly  on  her  legs  she  used  the  end  of  her  abdo- 
men as  an  instrument  and  with  it  she  now  pounded  the  earthy 
now  rubbed  it,  like  a  pestle  in  a  mortar^  and  now  used  it  as  a 
brush  to  sweep  away  loose  dust  Sometimes  she  would  throw 
a  little  earth  back  under  her  body  with  her  mandibles  and  rub 
it  down  with  her  abdomen.  This  part  of  the  work  being  fin- 
ished she  spent  a  few  minutes  in  sweeping  the  ground  with  her 
first  legs,  and  then  brought  a  quantity  of  small  objeats  and 
placed  them  over  the  nest, — a  little  stick,  the  petal  of  a  faded 
flower,  a  scrap  of  dead  leaf,  and  so  on,  until  ten  or  twelve  things 
had  been  collected.  This  artistic  finishing  up  of  her  duties  re- 
called Ammophilay  but  among  our  subsequent  examples  of 
fuscipennis  we  never  saw  one  do  her  work  with  such  nicely. 
They  were  usually  contented  to  fill  in  the  nest  more  or  less 
compactly,  sometimes  doing  much  of  the  work  from  the  outside, 
to  brush  off  the  surface  without  any  rubbing  or  pounding,  and 
then  to  bring  two  or  three  little  pebbles  or  lumps  of  earth  to 
place  over  the  spot. 

So  far  as  we  were  concerned  this  was  one  of  the  most  fearless 
of  the  wasps,  not  even  interrupting  her  work  when  we  once 
placed  a  glass  over  her  as  she  was  filling  her  nest,  but  the  ap- 
proach of  an  ant  would  throw  her  into  a  perfect  panic  and 
seizing  her  spider  she  would  make  off  with  every  sign  of  terror. 
It  is  difficut  to  understand  why  wasps  of  this  spectes,  as  well 
as  of  biguttattiSf  never  offer  combat  to  the  ants  that  rob  them 
right  and  left,  but  invariably  seek  safety  in  retreat 

P.  fuscipennis  rarely  circles  about  when  leaving  a  place,  and 
this  is  unfortunate  since  her  sense  of  locality  semes  to  be  partic- 
ularly weak.  She  nearly  always  has  to  hunt  for  the  plant  upon 
which  she  has  placed  her  spider,  and  always  loses  track  of  her 
nest  when  she  tries  to  bring  the  spider  to  it.  (PI.  XII.,  fig.  5.) 
We  once  caught  her  as  she  was  carrying  her  spider,  and  then  re- 
leased her  on  the  same  spot,  but  she  became  so  much  confused 
that  without  our  assistance  she  would  never  have  found  it  again. 

P.  fuscipennis  fastens,  her  egg  to  the  abdomen  of  the  spider. 
An  egg  that  was  taken  from  the  nest  just  after  it  was  laid 
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hatched  at  the  end  of  forty-nine  hours,  but  the  larva  died  on  the 
following  day,  bo  that  we  have  no  record  of  this  stage  of  its  ex- 
istence. 

Of  eight  spiders  taken  from  this  wasp,  two  were  dead  and 
the  others  were  badly  paralyzed,  responding  only  to  careful 
stimulation.  One  of  these  improved  after  a  time  but  the  gain 
was  not  permanent  as  it  died  on  the  ninth  day. 

One  nest  was  made  in  a  large  lump  of  earth  and  ran  in  hor- 
izontally; but  all  the  others  that  we  saw,  went  down  almost 
vertically. 

Of  ten  spiders  that  we  saw  in  the  possession  of  fvscipenniSy. 
nine  belonged  to  a  single  species  of  the  genus  Thomisus.  The 
tenth  was  a  very  small,  immature,  male  Lycosidy  and  had  been 
captured  by  a  tiny  wasp  of  rather  less  than  half  the  ordinary 
size. 

The  most  interesting  thing  about  fttm^pennis  is  her  habit  of 
biting  the  legs  of  her  victims.  The  instinct  is  very  irregularly 
developed  since  four  out  of  ten  spiders  had  not  lost  any  legs^ 
while  the  others  had  been  deprived  of  one  or  two.  No  one  who 
has  watched  the  wasp  can  doubt  that  the  habit  is  related  to  the 
fact  that  she  makes  a  very  small  nest  in  comparison  to  the  size 
of  her  prey.  The  spider  never  went  in  easily,  always  requiring 
to  be  shifted  and  turned  and  tugged  at  There  was  an  especial 
tendency  to  bite  at  the  legs  at  this  point  of  time,  when  the  wasp,, 
standing  within  the  tunnel,  was  trying  to  drag  the  spider  down. 
In  one  instance  she  managed  to  get  it  past  the  entrance,  but  it 
stuck  in  the  gallery,  and  after  working  at  it  in  that  position  for 
a  time  she  brought  it  out,  subjected  the  legs  to  a  severe  squeez- 
ing, and  then  tried  again.  It  was  still  a  very  bad  fit,  but  by 
turning  it  about  and  pulling  at  it  she  succeeded  in  getting  it 
in.  It  may  be  that  tho  object  of  biting  the  legs  is  not  to  re- 
move them  but  to  render  them  limber  so  that  they  will  bend 
easily.  Whatever  the  process  may  be  it  is  carried  on  at  inter- 
vals, from  the  time  the  spider  is  captured.  As  she  carries  it, 
the  wasp  pauses  again  and  again,  now  on  bare  ground,  and  now 
in  a  sheltered  place  or  on  some  plant  to  renew  her  efforts  at 
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getting  the  lege  into  a  satisf actory  state.  The  details  of  the 
condition  in  which  we  found  them  may  be  interesting.  Four 
spiders  retained  their  full  complement  of  legs  tut  in  one  of 
these  they  had  all  been  badly  squeezed,  the  marks  of  the  man- 
dibles being  plainly  visible  on  the  trochanters;  one  had  lost  the 
three  distal  joints  of  the  third  leg  on  one  side;  one  had  lost  a 
leg  of  the  third  pair,  and  two  others  showed  signs  of  having  been 
bitten;  another  had  lost  a  leg  of  the  first  pair,  another  one  of 
the  second,  and  still  another,  one  of  the  fourth,  while  the  most 
seriously  mutilated  spider  in  the  series  had  lost  the  third  and 
fourth  legs  on  one  side.  P.  fvscipennis  was  to  be  seen  in  our 
garden  from  the  twenty-first  of  July  imtil  we  left  the  country 
on  September  tenth. 

Pompilus  calipterus  Say. 

It  was  on  the  fifth  of  August  that  we  saw  this  good  sized, 
dark  gray  wasp,  walking  up  and  down  a  fence  post.  A  little 
scrutiny  showed  that  she  was  carrying  pellets  of  earth  from  the 
ground  into  a  hole  four  feet  above,  in  the  wood,  and  very  odd 
she  looked,  making  this  journey  again  and  again  on  foot  instead 
of  using  her  wings.  Upon  cutting  away  the  post  we  found  that 
she  was  just  partitioning  off  the  second  apartment  in  what  was 
doubtless  intended  to  be  a  long  series.  Both  cells  contained 
female  spiders  of  the  species  Xystictis  feroXj  that  in  the  inner 
one  being  twice  as  large  as  the  other,  and  each  spider  had  an 
^gg  oil  the  side  of  the  abdomen.  The  large  one  was  dead,  but 
the  other  responded  feebly  to  stimulation  and  lived  in  this 
state  for  four  days.  One  of  the  eggSj  the  one  that  had  just 
been  laid  when  we  opened  the  nest,  hatched  at  the  end  of  sixty 
hours,  but  the  larva  did  not  live. 

Pompilv^  marginatus,  Say. 

Plate  I.,  fig.  1. 

Our  acquaintance  with  this  remarkable  wasp  began  in  the 
middle  of  July.  She  is  a  small  creature,  i^nly  half  an  inch  long, 
and  is  dressed  in  black,  with  a  bright  orange  spot  on  each  side 
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of  the  anterior  port  of  the  abdomen.  "We  "were  watching  the 
pretty  little  Diodonti,  as  they  filled  their  holes  with  aphides, 
when  we  saw  her  going  backward,  dragging  along  a  medium- 
sized  spider.  Soon  she  came  to  an  onion  flower  that  was  lying 
on  the  ground.  Here  she  stopped  and,  after  a  moment's  hesita- 
tion, drew  her  prey  in  among  the  blossoms  of  the  cluster  so  that 
it  was  hidden  from  view.  It  was  not  long  before  she  came  out 
«nd  began  to  fly  about  near  the  ground,  frequently  alighting  to 
poke  her  head  into  cracks  and  to  run  again  and  again  into  little 
chance  holes.  Never  did  an  insect  behave  in  a  more  demented 
manner,  and  although  there  may  have  been  a  method  in  her 
madness  it  was  difficult  to  discover  it.  No  hole  nor  cranny 
pleased  her  and  back  she  flew  to  the  onion  to  see  whether  her 
booty  was  safe.  For  fifteen  minutes  she  ran  and  flew  now 
here,  now  there,  hurry  and  anxiety  in  every  movement^  return- 
ing frequently  to  reassure  herself  about  the  spider.  Several 
times  she  entered  a  hole  at  the  base  of  a  weed,  not  a  made  nest, 
but  an  accidental  crevice,  and  this  spot  was  at  length  chosen 
either  as  a  temporary  or  a  final  resting  place  for  her  spider,  since 
she  dragged  it  from  the  onion  and  deposited  it  here.  We  tried  to 
capture  the  wasp,  but  having  failed  in  this,  we  dug  out  the 
«pider.  It  was  three  inches  down,  the  hole  being  deeper  than 
it  looked  from  the  outside.  There  was  no  egg  upon  it.  Evi- 
dently the  work  had  not  been  flnished  for  the  restless  creature 
returned  flf  teen  times  within  an  hour,  to  the  broken  nest,  either 
for  the  purpose  of  laying  her  egg  or  to  remove  the  spider  to 
another  resting-place  on  her  homeward  way. 

The  spider,  which  was  an  Agalena  naevta,  about  two-thirds 
^own,  was  dead.  We  reached  this  conclusion  only  after  most 
careful  investigation  and  are  satisfied  that  there  was  no  mistake. 
We  thought,  though  we  may  have  been  mistaken,  that  both 
head  and  abdomen  appeared  slightly  crushed.  On  the  follow- 
ing day,  July  fourteenth,  we  re-examined  it,  and  found  the  legs 
drawn  up  to  the  body  and  quite  stiff.  In  the  next  two  days  it 
became  dryer  and  somewhat  shrunken,  and  by  the  eighteenth 
it  was  quite  dry.  As  late  as  the  twenty-third,  however,  it  was 
10 
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in  sufficiently  good  condition  to  haTe  served  as  food  for  any  of 
the  nurslings  to  which  we  hev^  played  foster-mother. 

This  was  our  first  specimen  of  imi/rgmatuSy  and  a  month 
passed  before  we  met  another.  It  was  while  watching  some 
Bembecidae  that  we  saw  the  pretty  little  orange-spotted  worker 
dragging  a  small  Thomisid  across  their  nesting  ground.  The 
spider  was  so  small  that  she  held  it  in  her  mandibles  well  above 
the  ground)  and  we  only  speak  of  her  as  dragging  it  because 
she  walked  backward  and  acted  as  though  she  were  obliged  to 
exert  herself.  Qidta  often  the  spiders  taken  by  this  species  are 
too  large  to  be  carried,  and  then  it  is  necessary  to  drag  them^ 
*  and  this  habit  is  so  ingrained  that  when  it  would  be  much  more 

convenient  to  go  straight  ahead  they  stick  to  the  ancient  cus- 
tom, and  seem  unable  to  move  in  any  other  way.  This  little 
wasp  was  in  a  frantic  hurry,  running  backward  into  the  Bembex 
holes  and  then  scrambling  out  again  until  she  had  crossed  the 
field  and  had  turned  to  one  side,  having  gone,  since  we  first  saw 
her,  about  fifteen  feet.  Here  she  dropped  the  spider  and  be- 
gan to  skim  over  the  ground — ^it  could  not  be  called  nmning 
and  yet  it  was  not  flying, — until  she  found  a  circular  hole  in 
the  black  earth,  which  looked  as  if  it  ran  vertically  downward* 
At  the  time  we  thought  that  this  was  a  nest  that  she  had  made 
for  herself,  but  we  afterward  concluded  that  it  had  been  ex* 
oavated  by  some  other  creature,  that  she  had  found  it  and  de- 
termined to  make  use  of  it,  and  that  she  was  bringing  her  prey 
to  the  spot  with  that  end  in  view.  Without  entering  she  rushed 
back  to  the  spider,  but  after  carrying  it  a  few  inches,  dropped  it 
and  ran  to  take  another  look  at  the  nest.  By  this  time,  how- 
ever, she  was  too  much  excited  to  know  what  she  was  about^ 
and  for  five  minutes  she  scurried  over  the  ground  without  find- 
ing it.  During  this  time  she  picked  up  the  spider  four 
times,  carried  it  a  little  way  and  then  dropped  it.  The  last  time 
she  carried  it  to  the  edge  of  the  grass  and  stored  it  there,  this 
being  her  first  attempt  at  concealment  She  now  found  the 
hole  again  and  brought  the  spider  nearly  to  it,  but  by  this  time 
she  was  perfectly  beside  herself.     The  spider  was  seized  again 
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and  again,  only  to  be  dropped  the  next  eecond,  wliile  the  wasp 
mailed  back  and  forth  between  it  and  the  hole.  In  time  this 
method  of  procedure  brought  it  doae  to  the  neat,  but  it  waa  car- 
ried around  the  edge  once  or  twice  even  then.  At  laat^  aoci- 
dentallj  as  it  seemed,  it  fell  in,,  when  the  wasp  quickly  ran  in 
also  and  pulled  it  down.  For  half  an  hour  she  remained  inside 
and  when  she  came  out  we  caught  her  to  make  sure  of  her  iden- 
tity. As  we  set  her  free  immediately  we  expected  her  to  go  to 
work  at  covering  her  nost,  but  in,  this  we  were  disappointed  for 
she  did  not  return.  We  left  the  place  undisturbed  from  the 
thirteenth  to  the  fifteenth  of  August,  when  we  dug  up  the  nest 
We  found  the  spider,  but  if  there  was  any  ^g  upon  it  we  lost 
it.  The  spider  was  alive,  as  was  showna  by  a  quivering  of  the 
legs.  This  quivering  grew  fainter  and  fainter  until  upon  the 
nineteenth  it  was  scarcely  perceptible,  and  on  the  twenly-first 
the  spider  was  dead.  Our  first  spider  had  been  stung  to  death 
at  once,  while  this  one  lived  seven  days  and  a  half  after  being 
stored. 

A  third  marginatus  was  discovered  at  noon  of  the  nineteenth. 
She  had  dragged  her  prey  from  a  distance,  frequently  leaving 
it  to  hunt  about  after  the  manner  of  her  kind.  We  found  no 
egg  on  the  spider — ^a  Drassus — ^which  was  paralyzed,  the  an- 
terior pair  of  legs  quivering.  On  the  morning  of  the  twentieth 
we  felt  sure  that  it  was  dead,  still  we  re-examined  it  on  the 
twenty-first  and  twenty-second  to  be  certain  that  there  was  no 
recovery. 

On  August  twenty-sixth  we  found  a  fourth  specimen  of 
marginatus.  She  was  running  rajHoly  backwards  dragging  a 
young  Phidippus  tripunctatus  which  she  grasped  in  any  way 
that  was  convenient,  sometimes  one  side  being  up  and  some- 
times the  other.  When  she  reached  the  grass  at  one  side  of  the 
field  she  left  the  spider  on  the  ground  and  began  to  hunt  about 
for  a  place  in  which  to  bestow  it  About  six  feet  away  she  dis- 
covered a  cavity  made  by  the  piling  together  of  two  or  three 
lumps  of  earth.  This  she  examined  carefully,  first  outside  and 
then  within,  going  in  by  one  opening  and  coming  out  by  an- 
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other.  All  seemed  satisfactory  for  she  went  back  for  the  spider 
and  after  the  usual  amount  of  fluttering  to  and  fro  between  it  and 
the  hole,  brought  it  into  the  hiding  place.  Then  she  came  out 
and  began  to  hunt  far  and  wide.  All  about  the  place  she  went, 
over  a  circle  of  thirty  feet  in  diameter,  her  manner  bespeaking 
the  utmoeti  anxiety  and  hurry.  Twice  she  visited  her  spider  to 
eee  if  all  were  well.  Finally,  ten  feet  up  the  hillside,  she  ran 
into  an  opening  among  some  stones,  staid  a  few  minutes,  hur- 
ried down  the  hill  and  dragged  the  spider  up  toward  this  new 
resting-place.  On  the  way  she  dropped  it  and  hunted  around 
in  great  agitation  until  she  found  it  again.  At  last  she  disap- 
peared with  it  under  the  stonee.     After  watching  the  place  for 


Diagram  of  road  over  which  a  spider  was  carried  by  P.  marainattu. 
The  wasp  was  first  seen  at  A ;  B.  C  and  D  are  the  spots  at  which  the 
spider  was  hidden  whUe  she  hunted  about  for  a  final  resting  place. 

nearly  an  hour  we  went  away  for  a  time,  confidently  expecting 
that  when  we  returned  we  should  find  the  spider  with  an  e^ 
upon  it,  but  we  had  been  deceived.  On  our  return  the  hole 
was  empty,  and  we  concluded  that  it  had  been  only  another 
resting-place,  the  third,  on  her  homeward  march.  The  dia- 
gram of  the  road  over  which  the  spider  was  carried  may  aid  in 
giving  an  idea  of  her  movements. 

Our  fifth  specimen?  of  marginatus  had  caught  a  small  Thorn- 
isid  which  she  held  in  her  mandibles  entirely  off  the  ground, 
walking  backwards,  nevertheless,  as  if  she  were  dragging  it 
Unlike  any  of  the  others  that  we  had  seen,  instead  of  hiding 
the  spider  in  a  hole  or  under  something  on  the  ground,  she  car- 
ried it  up  into  a  purslane  plant  and  hung  it  there.  After 
some  hunting  she  came  back  and  carried  it  a  little  way,  and 
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theii^  climbing  a  bean  plant,  depoeited  it  upon  a  leaf  whioh  was 
cloeely  covered  by  another.  Tben  she  ran  off  again  and  waa 
gone  thirty-five  minutee.  We  remained  with  the  spider,  since 
the  plants  were  so  close  together  that  it  was  impossible  to  fol- 
low her.  When  she  returned  she  seized  her  treasure  and  started 
off  among  the  plants  where,  in  spite  of  our  efforts  to  the  con- 
trary, we  soon  lost  her.  A  sixth  example  added  little  to  our 
knowledge.  She  carried  a  small  tripunctatus  in  her  mandibles 
as  she  ran  backward.  She  was  as  frantically  anxious  to  ac- 
complish something,  and  as  helplessly  incompetent  to  accom- 
plish anything  as  the  others.  Once  her  victim  was  hung  up  on 
a  sorrel  plant,  and  once  it  was  hidden  within  a  hole,  where  she 
remained  with  it  for  some  minutes.  When  she  came  out  and 
flew  away  we  dug  it  out,  but  there  was  no  egg  upon  it,  so  we  had 
taken  it  too  soon.  It  was  severely  paralyzed  so  that  for  three 
days  there  was  scarcely  any  quivering  in  response  to  stimula- 
tion. On  the  fourth  day  it  was  a  little  better,  but  on  the  sev- 
enth, it  died. 

On  September  first,  while  out  in  the  bean  patch,  we  saw  a 
large  Lycosid  running  madly,  first  in  one  direction  and  then  in 
another.  Hovering  eagerly  and  excitedly  just  above,  was  our 
nuMrginatuSy  dashing  down  at  the  spider  again  and  again  as  it 
came  into  view  for  an  instant,  and  then  circling  wildly  around 
until  it  appeared  oncei  more.  Now  she  pounced  upon  the  fright- 
ened spider  but  missed  her  aim,  now  she  really  grasped  it  but 
was  shaken  off.  At  last  the  end  came.  The  wasp  descended 
upon  the  doomed  spider  and  there  was  a  violent  struggle,  both 
the  combatants  rolling  over  and  over  upon  the  ground,  while  all 
that  we  could  distinguish  was  the  flushing  of  the  red  upon  the 
body  of  the  wasp.  In  an  instant  it  was  over,  and  the  wasp 
rose,  leaving  the  spider  limp  and  motionless,  upon  its  back. 
In  our  other  examples  of  marginatus  the  spider  taken  had  been 
so  small  that  the  wasp  might  easily  have  held  it  and  thrust  her 
sting  into  any  spot  that  she  pleased,  but  this  Lycosid  was  a  dif- 
ferent antagonist  In  the  fierce  battle  where  the  two  were  so 
nearly  matched,  there  could   have  been  but  slight  opportunity 
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for  skillful  surgery.  In  point  of  strength  the  wadp  was  at  a 
disadvantage,  and  she  must  have  come  off  victor  by  the  quick  vm 
oi  her  sting.  Under  these  circumstances  she  must  have  struck 
when  and  where  she  could,  without  any  selection  of  a  particular 
spot.  That  she  quite  realized  the  power  of  her  foe  was  shown 
by  her  next  action.  With  the  utmost  circumspection  she  set- 
tled down  upon  the  spider  and  made  a  prolonged  and  careful 
examination  of  the  mouth  parts.  The  investigation  was  satis- 
factory and  without  any  further  stinging  she  seized  the  spider 
by  one  leg  and,  this  time,  really  dragged  it  off.  It  was  a  good 
load  for  her  and  it  evidently  required  all  of  her  strength  to  pull 
it  along.  !If  ot  far  away  was  a  lump  of  eartii  and  under  this  the 
treasure  was  stowed  and  then  began  the  usual  hunting  perf  ormr 
ance,  which  soon  resulted  in  the  discovery  of  another  cavity 
which  had  a  very  small  opening.  She  crept  in,  remained  a  min- 
ute, and  then  came  out  and  brought  her  spider  to  this  new 
hiding  place.  The  head  went  in  easily  but  it  took  a  great  deal 
of  tugging  to  get  the  rest  to  follow.  At  last  both  spider  and 
waap  were  out  of  sight  and  everything  remained  quiet  for  so 
long  that  we  began  to  think  that  this  time  we  were  really  to  see 
the  final  act  in  the  play.  But  no,  when  the  littie  wasp  came 
creeping  out  it  was  only  to  start  off  on  another  extended  tour 
in  which  we  did  not  attempt  to  follow  her.  She  doubtieas  se- 
lected another  halting-place,  for  when  she  returned  it  was  to  try 
to  get  the  spider  out  of  the  hole  by  pulling  at  one  of  its  hind 
legs.  The  task,  however,  was  not  an  easy  one.  She  exerted 
all  her  strength,  so  that  we  expected  to  see  the  poor  victim  dis- 
membered before  our  eyes,  and  still  it  did  not  come.  At  last 
she  seemed  to  realize  that  there  was  more  than  one  way  to  ac- 
complish her  end,  and  turned  her  attention  to  cutting  away  the 
earth  to  make  the  opening  larger.  After  a  few  moments'  work 
she  tried  again,  and  although  the  passage  was  still  much  too 
small  for  convenience  the  spider  was  at  length  dragged  forth, 
looking  much  the.  worse  for  wear.  As  she  moved  away  we 
alarmed  her  by  lifting  some  vines  that  prevented  our  keeping 
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her  in  yiew,  and  she  flew  up,  leaving  the  spider  on  the  ground* 
We  seized  the  opportunity  to  bend  and  twist  the  plants  this 
way  and  that  so  that  the  ground  might  be  left  uncovered.  The 
changes  that  we  made  probably  disconcerted  her  for  she  seemed 
to  lose  track  of  her  prey.  For  over  half  an  hour  she  hunted 
about,  circling  above  the  place  and  running  around  and  around 
over  the  ground.  She  often  came  so  close  to  the  spider  that 
we  could  not  understand  why  she  did  not  see  it.  At  last  it  was 
recovered  and  again  she  started  off.  We  tried  to  follow  her 
but  the  vines  were  so  thick  that,  in  spite  of  our  efforts,  she 
soon  disappeared  into  the  undiscovered  country  which  we  thus 
far  had  been  unable  to  penetrate. 

Up  to  this  time  we  had  been  entirely  unable  to  underatand 
the  actions  of  TnarginatuSy  and  each  new  example  added  to  our 
confusion  instead  of  clearing  it  away.  We  were  inclined  to 
think  that  she  never  made  a  nest  for  herself  but  caught  her 
spider  and  then'  hurried  about  for  a  good  place  to  store  it,  and 
that  her  absurd  conduct  was  the  result  of  an  indecision  of  char- 
acter which  made  it  extremely  difficult  for  her  to  choose  a  place 
and  be  contented  with  it  The  last  part  of  this  judgment  holds 
true,  even  now  when  we  know  her  whole  history,  but  we  have 
at  last  learned  that  she  does  dig  her  own  nest. 

We  had  watched  a  wasp  for  some  time  as  she  carried  her 
spider  from  place  to  place,  and  finally  saw  her  take  it  into  a 
crevice  among  some  rough  lumps  of  eai'th  which  she  had  pre- 
viously examined.  We  expected  one  of  the  long  spells  of  event- 
less waiting  to  which  she  had  accustomed  us,  but  on  lying  down 
and  peering  into  the  hole  we  found  that  there  was  an  opening 
on  the  further  side,  for  a  ray  of  light  feebly  penetrated  the 
interior.  Moving  about  in  this  dim  illumination  was  our  wasp, 
and  after  a  little,  we  could  see,  quite  distinctly,  that  she  was 
digging  a  hole.  This  then  is  her  method — to  find  some  sheltered 
hiding-place  where  she  may  secretly  make  her  nest,  that  no 
creature  may  know  where  her  treasure  is  hidden. 

We  have  twice  seen  a  marginatus  pick  up  her  spider  and  fly 
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with  it  backward  for  a  long  distance — as  much  as  four  or  five 
feet.  This  recalls  the  wasp  which  is  said  to  fly  backward  before 
a  moving  horse  and  catch  the  flies  that  are  hovering  over  it. 

P.  marginatus  is  not  troubled  by  any  notion  as  to  the  family 
connections  of  the  spider  that  she  takes.  Anything  will  da 
provided  she  is  strong  enough  to  overcome  it  and  carry  it  to  her 
nest  The  effect  of  her  eting  is  quite  variable  since  in  some 
cases  the  victim  was  killed  at  once  while  in  others  it  was  but 
littlei  affected  in  the  beginning  and  lived  for  eighteen  or  twenty 
days. 

Although  we  have  made  observations  upon  thirteen  individ- 
uals of  this  species  we  have  never  succeeded  in  getting  the  spi- 
der with  the  egg  upon  it. 

Pompilus  interruptus  Say. 

Early  in  the  afternoon  of  the  fifth  of  July,  we  saw  this  smally 
yellow-banded  wasp,  flying  slowly  about  from  leaf  to  leaf  and 
from  plant  to  plant,  dropping  to  the  ground,  now  and  then,  to 
run  a  little  distance  on  the  tips  of  her  toes,  in  a  peculiarly  dainly 
manner  as  though  the  ground  were  not  good  enough  for  her  to 
walk  upon.  She  came  back,  again  and  again,  to  a  spot  under 
a  weed  where  there  was  a  round  shallow  hole  in  the  ground,, 
and  presently  she  began  to  work  at  this,  showing  that  it  was  a 
partly  made  nest.  She  carried  the  earth  out  in  her  mandibles 
depositing  it  at  the  edge  of  the  hole,  and,  after  a  little,  pushed 
away  the  accumulation  with  her  feet  As  she  went  deeper 
the  dirt  was  passed  under  her  body  and  pushed  up  to  the  sur- 
face with  her  legs.  There  was  no  kicking  and  all  her  motions 
were  slow.  Every  few  minutes  she  flew  up  to  a  twig  where 
she  stood  very  high  on  her  legs,  holding  her  wings  up  stifflty 
at  a  right  angle  toJier  body.  This  manner  of  lifting  the  wings 
was  very  peculiar,  and  gave  her  somewhat  the  look  of  the  wasps 
of  the  genus  Yespa.  When  she  had  gone  her  own  length  into 
the  ground  she  came  out  and  looked  at  her  prey,  a  large  Epeira 
stfiXj  which  was  hanging  in  the  crotch  of  a  weed  close  by. 
After  this  she  flew  off  toward  the  west  and  was  gone  five  min- 
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utee,  then  came  back  and,  taking  a  look  at  the  spider,  passed 
on  toward  the  east  and  began  to  run  about  on  the  ground  as 
though  shQ  -were  looking  for  something.  At  length  she  started 
a  fresh  nest,  about  eight  feet  from  the  first  one.  She  dug  slowly 
but  persistently,  working  more  like  fuscipennis  than  any  other 
of  the  Pompilida€y  turning  around  and  around  in  the  tunnel 
so  that  her  back  was  sometunes  up  vind  sometimes  down.  As 
a  result  of  this  method  her  hole  was  perfectly  circular.  After 
twenty  minutes,  when  she  had  gone  in  rather  more  than  her 
own  length,  she  fle«7  to  her  spider,  which  she  found  without 
any  trouble,  seized  it  by  one  leg  and  ran  rapidly  backward  with 
it  directly  toward  the  nest.  When  within  ten  inches  she 
dropped  it  and  hurried  on  to  see  if  everything  were  right,  re- 
turned, picked  it  up  again,  and  carried  it  to  within  two  inches^ 
where  it  was  left  while  she  took  one  more  look.  Everything- 
was  in  order,  and  seizing  the  spider  she  backed  in  with  it  and 
disappeared.  After  two  minutes  she  came  out  and  began  to  cut 
away  the  earth  near  the  entrance  and  to  push  it  in,  and  then^ 
after  a  little,  to  fill  the  hole  with  the  dirt  that  had  been  taken 
out,  which  she  pushed  down  with  her  legs.  The  whole  opera- 
tion occupied  about  forty-five  minutes  but  before  she  was  quite 
done  we  caught  her  and  opened  the  nest  This  proved  to  be 
only  a  little  more  than  an  inch  deep  with  a  slight  enlargement 
at  the  bottom.  The  spider  was  dead  and  exuded  a  fluid  from 
its  mouth.  The  egg  was  placed  on  the  right  side  of  the  ab- 
domen, near  the  middle.  Forty-eight  hours  later  it  looked  as 
if  just  ready  to  hatch  but  at  this  point  it  died. 

Pompilua  sceksttis  Cresson. 

At  eleven  o'clock  on  the  morning  of  a  warm  day  in  the  mid- 
dle of  August  we  saw  this  steel-blue  Pompilw  dragging  a  big 
Lycosid  across  a  field.  The  spider  was  16  mm.  long  and  wide 
in  proportion  while  the  wasp  was  but  13  mm.  long  and  very 
slender,  so  that  the  weight  of  the  spider  was  at  least  three  times 
that  of  its  captor.  The  necessity  for  going  backward  was  evi- 
dent in  this  case,  but  the  wasp  moved  rapidly  considering  the 
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load  that  ake  was  dragging.  As  she  worked  her  way  along  she 
made  frequent  pauses,  stopping  for  two  or  three  minutes  at  a 
time  in  some  little  hollow^  or  under  leaves  or  weeds.  She  spent 
a  good  deal  of  time,  during  these  pauses,  in  cleaning  herself, 
and  a  good  deal  of  time  also  in  doing  something  to  the  spider 
which  we  could  not  understand.  She  seemed  to  be  biting  the 
legs,  near  the  body,  beginning  with  an  anterior  1^  on  one  side 
and  working  backward  and  then  repeating  the  operaticxi  on  the 
other  Bide.  She  went  through  this  squeezing  process  again  and 
again,  and  to  us  it  looked  as  though  she  might  be  trying  to 
force  back  the  juices  from  the  legs  into  the  body  preparatoiy 
to  cutting  them  off,  but  after  a  time  she  would  seize  her  prey 
and  start  on  again.  She  had  made  her  way  along  in  this  fashion 
for  some  ten  feet,  when  a  second  wasp  appeared  and  alighted  on 
a  weed  near  by.  This  interloper  was  a  trifle  smaller  than  the 
other,  and  from  her  actions  was  evidently  greatly  interested  in 
the  paralyzed  spider.  When  the  Pompilus  stopped  for  a  mo- 
ment the  other  moved  from  stem  to  stem  in  a  stealthy  manner 
just  as  a  cat  stalks  a  bird.  The  rightful  owner  of  the  prey  waa 
disturbed  and  dashed  at  the  invader,  driving  her  away  again 
and  again,  but  she  flew  only  a  short  distance  and  was  soon  back, 
always  creeping  nearer  and  nearer  to  the  spider.  We,  too,  were 
watching  with  closest  attention,  but  our  desire  was  to  see  the 
apeedy  home-coming  of  Pompilus  and  to  learn  whether  she  cut 
off  the  legs  of  her  victim,  and  so,  interesting  as  was  the  contest 
between  the  wasp  and  the  wasp-inquiline,  we  decided  to  interfere 
and  remove  the  intruder.  This  was  very  easily  accomplished 
since  the  littie  insect  was  so  intent  upon  getting  near  to  the 
spider  that  she  was  oblivious  to  our  presence  and  allowed  us  to 
place  a  bottle  over  her  as  she  stood  eagerly  looking  for  a  chance 
to  advance.  Her  removal  gave  great  relief  to  the  otiier  wasp 
as  was  manifested  by  an  entire  change  of  manner.  Before,  she 
had  been  constantly  on  the  lookout,  moving  only  with  the 
greatest  circumspection,  but  now  she  relaxed  her  vigilance. 
With  the  Ceropales  in  our  vial  we,  too,  felt  relieved,  and  now 
the  path  of  discovery  seemed  clear  before  us,  but  scarcely  had 
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things  assumed  their  old  status  when  a  second  enemy,  a  much 
larger  and  bolder  CeropaUSy  threw  both  the  PompilAie  and  our- 
aelves  into  consternation.  Again  we  took  the  side  of  our  wasp 
and  drove  the  other  one  o£F,  but  only  to  see  it  return  a  few 
momenta  later.  The  PompUus  now  flew  at  it  in  a  most  gallant 
fashion  and  pursued  it  far  afield,  but  when  she  came  back  the 
enemy  was  but  a  few  seconds  behind  her.  Here  we  again  in- 
terposed and  removed  the  second  Cerapales  from  the  field  of 
miction. 

All  cause  for  anxiety  being  over  the  wasp  now  resumed  her 
journey.  Before  long  she  came  to  a  shallow  depression  in  the 
ground  which  was  partly  sheltered  by  an  overhanging  lump  of 
earth,  and  under  this  covering  she  dropped  the  spider  and  again 
began  to  squeeze  its  legs.  After  a  moment  she  removed  it  to 
the  other  side  of  the  depression,  where  it  was  subjected  to  fur- 
ther manipulation.  Ifext,  her  toilet  was  attended  to,  and  then 
the  spider  was  carried  back  and  placed  again  under  the  lump  of 
earth.  At  least  ten  times  was  that  limp  and  helpless  creature 
dragged  from  one  side  to  the  other  of  the  little  depression,  a 
<listance  of  about  two  inches,  the  time  between  being  filled  in  by 
the  wasp  with  cleaning  herself  and  squeezing  the  legs  of  her  vic- 
tim. After  forty  minutes  of  this  tedious  delay  the  moment  came 
when  she  picked  up  her  burden  with  renewed  determination 
and  started  rapidly  on  her  way.  We  kept  very  close  to  her 
but  she  did  not  allow  our  presence  to  interrupt  her  work,  and, 
indeed,  paid  no  attention  to  it.  After  she  had  gone  along  for 
a  distance  of  about  eight  feet  there  was  another  pause,  of  only 
five  minutes  this  time,  and  when  she  resumed  her  onward  march 
it  was  in  a  new  direction.  Thus  far  she  had  gone  almost  due 
south  but  now  she  turned  -and  went  six  feet  toward  the  west 
Suddenly  the  spider  was  dropped.  There  was  no  hole  in  sight 
but  the  wasp  seemed  to  feel  that  some  important  crisis  had  ar- 
rived- Her  whole  manner  was  excited  and  flurried  and  we 
thought  that  surely  we  had  reached  the  neighborhood  of  the 
nest.  How  little  we  understood  her!  Her  nest  was  still  far 
away,  and  it  may  be  that  she  had  just  begun  to  realize  that  the 
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task  she  had  undertaken  was  too  heavy  for  her  accomplishment — 
that  at  her  present  rate  of  progress  her  strength  would  be  ex* 
hausted  before  she  could  reach  her  goal.  At  any  rate  some- 
thing was  wrong.  The  spider  was  left  unprotected  on  the 
ground  while  she  made  a  number  of  long  excursions  without  it^ 
sometimes  being  gone  as  much  as  fifteen  minutes.  On  coming 
back  from  these  trips  she  would  return  to  the  task  of  squeezing 
the  legs  with  such  energy  and  persistence  that  we  expected  to 
see  them  drop  off.  Then  she  would  run  over  the  ground  in 
all  directions,  looking  under  lumps  of  earth  and  stones  and  pok- 
ing her  head  into  every  little  hole.  Was  she  trying  to  find 
some  suitable  spot  near  at  hand  to  take  the  place  of  the  one 
which  she  had  prepared  or  selected  at  a  distance? 


Diacram  of  road  over  which  spider  waa  carried  by  P.  teeUittu, 

One  hour  from  the  time  of  her  arrival  at  this  place,  and  twe 
hours  from  the  time  that  we  began  to  watch  her,,  she  flew  away 
and  was  gone  for  an  unusually  long  time.  We  can  only  sup- 
pose that  when  she  absented  herself  in  this  way  she  was  visiting 
the  spot  to  which  she  wished  to  convey  her  booty.  On  her 
return  she  seemed  to  be  filled  with  a  new  idea,  for  after  climb- 
ing to  the  top  of  a  tall  stout  weed  that  grew  near  by,  she  came 
down,  seized  the  spider,  and  tried  to  drag  it  up  the  stem.  Per- 
haps she  meant  to  lift  it  to  such  an  elevation  that  she  could 
fly  with  it,  but  it  was  too  heavy  for  her  and  fell  after  she  had 
raised  it  to  a  height  of  three  inches.  She  then  flew  away  again, 
and  on  her  return  we  caught  her,  fearing  that  she  was  becom- 
ing discouraged  and  that  she  might  presently  depart  to  be  seen 
no  more.  Had  there  been  any  prospect  of  her  solving  the  dif- 
ficulty that  beset  her  our  patience  might  have  held  out  to  the 
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end,  but  this  was  evidently  a  case  in  Vhicli  there  was  a  failure 
of  instinct,  or  intelligence,  or  whatever  faculty  was  concerned. 

More  than  a  year  passed  before  we  had  another  opportunity 
of  solving  this  problem  of  scelestuSy  and  the  pleasure  with 
which  we  hailed  her  second  appearance  in  our  garden  may  be 
•easily  imagined.  This  time  the  wasp  had  made  her  nest  but  was 
not  ready  to  fill  it,  and  when  we  first  saw  her  she  was  running 
about,  without  any  particular  aim  in  view,  although  at  the  time 
we  supposed  her  to  be  hunting.  Before  long  she  went  and  took 
a  look  at  the  nice  round  hole  which  she  had  made  near  the 
fence  that  separates  the  garden  from  the  woods.  The  earth  that 
had  been  taken  out  had  either  been  carried  to  a  distance  or  had 
been  swept  away  after  the  digging  was  completed,  for  therei  was 
no  pile  to  be  seen.  This  was  at  two  o'clock  of  a  cloudy  after- 
noon. It  may  be  that  she  needed  the  stimulus  of  sunshine  to 
make  her  hunt,  or  perhaps  she  realized  that  what  was  left  of  the 
4ay  would  not  give  her  sufficient  time  to  capture  her  spider  and 
bring  it  home.  At  any  rate  she  spent  the  remainder  of  the 
afternoon  in  making  shoit  excursions  around  her  nest.  We 
could  find  no  reason  for  these  from  the  utilitarian  standpoint, 
unless  she  was  making  a  careful  locality  study  of  the  neighbor- 
hood, and  this  seems  improbable  since  they  were  all  in  the  di- 
rection of  the  garden,  while  her  hunting  expeditions,  when  the 
time  came  for  them,  carried  her  in  the  opposite  direction,  into 
the  woods. 

"Whatever  their  object,  the  trips  took  her  from  ten  to  twenty 
feet  from  the  nest,  each  occupying  from  fifteen  minutes  to  half 
an  hour.  At  every  return  to  the  nest  she  flattened  herself  out 
on  the  ground  and  wriggled  in  the  dust,  and  then  dragged  her- 
self all  around  it  in  the  strangest  manner.  Perhaps  these  ac- 
tions were  indications  of  pleasurable  emotion.  "We  had  seen 
them  once  before,  in  Priononyx  atrata  just  before  she  carried  a 
locust  into  her  nest. 

At  a  little  after  four  o'clock  she  began  to  investigate,  very 
-carefully,  the  plants  and  grasses  that  immediately  surrounded 
her  hole,  showing  an  especial  interest  in  one  bunch  of  clover 
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that  grew  four  inches  away.  Into  this  she  finally  vanisihed, 
and  peering  curiously  among  the  greenery,  we  discoveted  her 
hanging  to  a  leaf,  which  was  sheltered  by  thick  foliage  on  all 
sidea  Here  she  remained  motionless  and  probably  fast  asleep 
until  sundown,  when  we  left  her  for  the  night. 

When  we  went  to  the  garden  at  eight  o'clock  on  the  follow- 
ing morning,  scelesttis  was  still  sound  asleep  in  her  leafy  bower. 
We  thought  it  best  to  awaken  her,  for  a  large  Agalena  naevia 
had  spread  her  web  just  below,  and  if  the  wasp  should  drop  upon 
it  nothing  could  save  her.  We  therefore  aroused  her  gently, 
whereupon  she  crept  slowly  up  the  stem  and  taking  her  stand 
on  the  highest  point,  surveyed  the  world.  Then,  after  stretch- 
ing herself  sleepily,  she  made  her  toilet,  cleaning  off  her  wings 
and  legs,  and  washing  her  face  with  her  feet  like  a  cat.  When 
these  duties  were  finished  she  walked  slowly  about  for  an  hour, 
visiting  her  nest  every  now  and  then.  Suddenly,  at  half  past 
nine  o'clock,  her  whole  manner  changed,  and  seeming  very 
much  excited  she  ran  rapidly  along,  parallel  with  the  fence, 
for  fifteen  or  twenty  feet^  and  then,  rising  on  her  wings,  flew 
far  away  into  the  woods.  She  had  evidently  gone  hunting  at 
last,  and  we  watched  eagerly  for  her  return.  She  was  not  suc- 
cessful at  once,  however,  for  at  half  past  ten  she  came  back 
without  anything,  stayed  at  the  nest  for  a  few  minutes,  and 
then  flew  to  the  woods  again  with  the  same  excited  manner  as 
before.  Perhaps  she  had  already  caught  her  spider  at  some 
far  distant  spot,  and  was  getting  her  bearings  preparatory  to 
bringing  it  home,  but  it  was  half  past  one  when  she  suddenly 
appeared,  five  or  six  inches  from  the  nest,  coming  backward 
through  the  fence,  and  dragging  a  large  Lycosid.  This  she 
laid  down  close  by,  and  began  to  bite  at  the  legs  quite  after 
the  manner  of  the  wasp  we  had  seen  the  year  before.  Her 
movements  were  full  of  nervous  excitement,  in  marked  contrast 
to  those  of  the  previous  day.  Presently  she  went  to  look  at 
her  nest  and  seemed  to  be  struck  with  a  thought  that  had  al- 
ready occurred  to  us — that  it  was  decidedly  too  small  to  hold 
the  spider.     Back  she  went  for  another  survey  of  her  bulky 
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victiin,  meaBTired  it  with  her  eye,  without  touohing  it,  drew  her 
concltiBioDB,  and  at  once  returned  to  the  nest  and  began  to  malLe 
it.  larger.  We  have  several  times  seen  wasps  enlarge  thein  holes 
when  a  trial  had  demonstrated  that  the  spider  would  not  go  in, 
but  this  seemed  a  remarkably  intelligent  ude  of  the  comparative 
faculty.  Her  method  of  work  was  peculiar.  Standing  in  the 
tunnel  with  her  head  down  and  her  abdomen  curved  under,  she 
bit  the  earth  loose  with  her  mandibles  and  pushed  it  under  her 
body  and  beyond  the  tip  of  the  abdomen.  When  a  little  had 
accumidated  she  backed  out,  holding  it  in  this  way. 

While  she  was  thus  employed  the  spider  was  attacked  by  a 
very  tiny  red  ant,  that  could  not  by  any  possibility  have  stirred 
it.  When  the  wasp  caught  sight  of  this  insignificant  marauder 
she  fell  into  a  fit  of  wild  fury  and  bending  her  abdomen  under,, 
seized  the  ant  again  and  again  in  her  mandibles^  and  flung  it 
backward  against  the  tip  of  her  sting.  The  little  creature  finally 
escaped,  seeming  none  the  worse  for  the  rough  handling  to  which 
it  had  been  subjected,  while  the  wasp,  still  trembling  with  ex- 
citement, grasped  her  spider  and  rushed  off  to  a  distance  of 
several  feet,  carrying  it  up  on  a  weed  and  depositing  it  there. 
The  labor  of  excavation  was  then  resumed  and  after  a  half 
hour's  work,  was  completed  to  her  satisfaction.  Coming  up 
head  first  she  flattened  herself  out  on  the  ground,  and  sprawling 
thus,  dragged  herself  all  around  it.  The  spider  was  now  brought 
to  the  nest,  being  left  once  on  the  way  while  she  ran  in  and  out 
again,  and  was  taken  in  after  a  new  and  original  fashion.  Back- 
ing in  herself  she  seized  it  by  the  tip  of  the  abdomen  and 
dragged  it  down  without  any  trouble,  since  the  legs  were  gently 
pushed  up  over  the  head  and  made  no  resistance. 

In  two  minutes  she  emerged  from  the  opening,  and  standing 
on  the  four  posterior  legs,  with  her  abdomen  hanging  down 
into  the  hole,  scratched  the  earth  backward  with  the  front  legs 
and  mandibles.  As  it  fell  in  she  pushed  it  down  with  the  ab- 
domen, and  as  the  hole  filled  she  raised  herself  higher  and 
higher  on  her  legs,  still  using  the  tip  of  the  abdomen  to  work 
the  material  into  place. 
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When  the  operation  was  nearly  completed  we  caught  the 
wasp  and  opened  the  nest.  The  egg,  which  was  placed  upon 
one  side  of  the  abdomen  of  the  spider,  did  not  develop,  because 
its  intended  victim,  not  being  held  in  place  by  the  earth  of  the 
nest,  knocked  it  off  on  the  second  day.  We  transplanted  it  to 
the  abdomen  of  an  E.  strix  which  had  been  more  thoroughly 
paralyzed  by  quinqnenotatuSy  but  in  vain. 

Among  the  French  wasps  the  yellow-winged  Sphex  first 
makes  her  nest  and  then  captures  her  prey,  which  is  so  small 
that  she  can  carry  it  easily.  The  Languedocien  species  on  the  other 
hand  takes  a  very  heavy  victim  and  digs  her  hole  near  the  place 
of  capture,  wherever  that  may  be.  How  much  better  is  this 
adjustment  than  the  one  that  we  see  among  our  FompUidae, 
where  quinquenotatus  first  catches  her  strix  which  is  so  small 
that  she  can  easily  fly  with  it,  and  leaves  it  exposed  to  many 
dangers  during  the  time  that  she  is  excavating  its  resting  place, 
while  scelestus  digs  her  nest  and  then  goes  far  away  to  capture 
the  great  spider,  which  she  must  drag  painfully  along  for  hours 
before  she  can  bring  it  home. 

The  victim  of  P.  scelestus. 

When  we  picked  up  the  spider  that  had  been  stung  by  our 
first  example  of  P.  scelestuSy  at  a  little  after  one  o'clock  in  the 
afternoon,  it  was  limp  and  appeared  to  be  dead.  A  careful  ex- 
amination resulted  in  the  same  verdict.  No  stimulation  brought 
a  response.  At  five  o'clock,  however,  we  succeeded  in  getting 
a  slight  quiver  of  the  tarsi,  when  stimulating  the  legs  at  the  ar- 
ticulation of  the  femur  and  trochanter.  At  nine  o'clock  on  the 
following  morning,  August  eighteenth,  the  spider,  which  was 
a  full  grown  female,  had  almost  recovered;  she  was  so  active 
that  when  she  was  touched  with  the  forceps  she  ran  several 
steps,  and  when  the  instrument  was  brought  in  front  of  her 
she  seized  it  with  her  f  alces  and  held  it  so  firmly  that  she  could 
be  lifted  up  and  dragged  about.  She  could  co-ordinate  her 
movements,  since  she  brushed  off  anything  that  touched  her  by 
means  of  her  tarsi.     She  was  unable  to  see,  since  when  threat- 
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ened  in  front  she  paid  no  attention  until  she  was  touched,  when 
she  threw  up  her  first  l^s  in  the  way  that  is  characteristic  of 
spideis,  and  snapped  with  her  f  alces.  When  picked  up  she  bit 
the  hand  severely.  She  was  evidently  a  good  deal  affected  by 
the  poison  and  did  not  act  like  a  normal  spider.  Voluntary 
movement  was  not  abolished  but  she  had  little  initiative  and 
remained  quiet  unless  disturbed.  A  little  later  in  the  day  she 
ran  a  few  stepe(  without  being  touched. 

On  the  nineteenth  there  was  but  little  change.  When  the 
tip  of  one  of  the  l^s  was  touched  it  was  drawn  up  toward  the 
body,  and  by  touching  the  first,  second,  and  third  in  succession 
they  would  all  leave  the  ground,  but  when  the  fourth  was  stim- 
ulated and  drawn  up  one  of  the  others  came  down  so  that  she 
always  had  one  to  support  her.  On  August  twentieth,  when 
placed  on  her  back  she  was  unable  to  turn  over,  although  she 
made  a  great  effort  to  do  so.  On  the  twenly-second  she  ate  a 
fly,  and  on  the  twenty-third  she  caught  an  uninjured  fly  which 
was  put  into  her  glass.  From  that  time  on  she  caught  anything 
that  was  put  into  her  glass  and  seized  with  her  f  alces  any  ob- 
ject that  was  used  to  touch  her.  One  day  we  gave  her  a  large 
49tink-bug,  one  of  the  Pentatomidas.  She  at  once  caught  it  but 
when  it  sent  off  its  terrible  odor  she  dropped  it  and  drew  back 
in  haste.  The  odor  was  so  powerful  that  the  spider  fell  over 
on  to  one  aide  throwing  up  all  the  legs  on  the  side  toward  the 
bug,  in  the  most  comical  fashion.  We  now  feel  quitei  confident 
that  stink-bugs  are  protected  from  spiders. 

Up  to  the  thirteenth  of  November  our  captive  changed  but 
little.  She  caught  flies  when  they  came  in  contact  with  her, 
turning  so  quickly  that  they  were  seized  before  they  could 
escape,  but  when  they  walked  in  front  of  her  she  evidently  did 
not  see  them,  being  quite  blind.  She  ran  rapidly  and  had  com- 
mand of'  all  her  parts,  and  yet  voluntary  movement  was  not 
quite  normal.  Perhaps  her  condition  might  be  expressed  by 
Baying  that  she  was  more  sluggish  than  is  usual  in  her  species, 
moving  about  in  her  glass  much  less  than  other  specimens  of 

her  kind  have  done  when  we  have  kept  them  ia  confinement. 
11 
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The  reenlt  of  the  Btmg  of  the  wasp,  then,  was  in  the  fiiBt  in- 
stance completely  to  paralyze  and  to  render  the  spider  inca- 
pable of  any  movement  whatever.  This  condition  lasted  from 
about  eleven  in  the  morning  to  five  in  the  afternoon,  orsx 
hours.  In  the  eecond  stage  she  slowly  recovered,  the  effect 
of  the  poison  passing  off  gradually,  so  that  by  the  next  morn- 
ing she  was  able  to  move  about  and  to  defend  herself  with 
considerable  vigor.  Within  a  few  days  she  was  in  fair  condi- 
tion, being  able  to  walk  or  run,  to  bite  and  to  catch  flies,  but 
she  remained  permanently  blind.  TaMng  these  facts  into  con- 
sideration it  is  plain  that  the  ganglionic  mass  in  the  cephalo- 
thorax  was  seriously  affected  by  the  poison  of  the  wasp.  The 
whole  mass  was  involved  since  all  the  parts  were  perfectly 
paralyzed.  The  paralysifl  could  not  have  been  the  result  of  in- 
jury to  the  ganglionic  structure  since  recovery  took  place  within 
twenty  hours,  therefore  the  disorder  was  functional  not  struct- 
ural, excepting  as  regards  that  part  of  the  nervous  mass  that 
was  actually  pierced  by  the  sting,  and  in  which  the  tissue  was 
destroyed.  To  judge  from  results,  the  part  which  was  thus 
affected  was  that  which  supplies  the  nerves  of  sight.  In  r^ard 
to  the  general  paralysis  from  diffusion  of  the  poison,  we  should 
expect  it  to  be  of  brief,  or  of  permanent  duration,  according 
to  the  amount  injected,  and  our  experiments  upon  spiders  and 
crayfish  have  given  these  results.  A  crayfish  many  times  as 
large  as  this  Lycosid  was  completely  paralyzed  when  stung  by 
a  wasp  at  a  point  remote  from  any  ganglion,  but  in  a  few  min- 
utes the  effect  of  the  poison  passed  off  and  movement  was  re- 
stored. A  repetition  of  the  sting  either  killed  the  animal  or 
reinstated  the  paralysis.  The  table  given  in  the  chapter  on 
Pelopaeus  should  be  consulted  in  this  connection. 

The  spider  under  discussion  having  made  an  almost  com- 
plete recovery,  except  as  to  vision,  we  determined  to  try  the 
effect  of  a  severe  wound  of  the  nervous  mass  in  producing  pa- 
ralysis. At  three  o'clock  in  the  afternoon  of  November 
twenty-ninth  a  fine  needle  was  pushed  through  the  center  of 
the  thoracic  ganglion  of   a  spider  from  the  ventral  side.     Pa- 
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ralysifl  at  once  ensued  although  the  legs  twitched  and  respond- 
ed irregularly  to  stimulation.  Fifteen  minutes  later  the  first, 
third,  and  fourth  legs  on  the  right  side  kept  quivering  as  the 
spider  lay  on  her  back.  At  the  end  of  an  hour  she  turned  over, 
after  some  struggling,  and  took  two  or  three  staggering  steps. 
When  picked  up  for  examination  she  bit  the  finger  so  that  the 
fang  penetrated  the  skin,  and  as  the  hand  was  raised  she  held 
on  so  that  she  was  lifted  from  her  feet.  She  regained  her 
strength  gradually  and  by  ten  o'clock  of  the  same  evening  she 
moved  about,  but  as  the  legs  on  the  two  sides  did  not  act  to- 
gether she  went  sideways  instead  of  straight  ahead.  There  was 
but  little  change  from  this  condition  until  the  second  Decem- 
ber when  the  second  leg  was  drawn  up  to  the  body  and  never 
moved  again.  On  the  fourth  she  was  lees  active,  growing 
weaker  and  weaker  through  the  day,  and  on  the  afternoon  of 
the  fiif th  she  died.  She  had  lived  for  six  days  with  only  par- 
tial paralysis  after  bding  wounded  in  the  ganglion  by  an  instru- 
ment SIX  or  seven  times  as  thick  as  the  sting  of  a  wasp.  Dur- 
ing this  time  she  had  been  able  to  turn  over,  to  run  when 
touched  and  to  bite  violently.  One  drop  of  wasp-poison  seems 
to  have  more  potency  in  producing  paralysis  than  any  ordinary 
wound  of  the  nervous  system. 

Our  second  example  of  the  victim  of  sceUstus  was,  when 
taken  from  the  nest,  perfectly  limp  and  motionless,  giving  no 
response  to  stimulation.  "Within  twenty-four  hours  the  effect 
of  the  poison  had  largely  passed  off,  and  by  the  third  day  the 
spider  had  recovered  her  normal  health  and  was  released. 

This  spider  and  the  one  taken  by  our  other  scelestus^  be- 
longed to  the  same  species. 

When  we  take  the  rapid  recovery  of  the  spiders  into  consider- 
ation we  see  that  the  comparatively  small  size  of  the  nest  is 
an  important  factor  in  the  drama.  The  prey  is  buried  alive  in 
the  fullest  sense  of  the  term  but  is  wedged  in  so  tightiy  that 
not  the  slightest  movement  is  possible,  and  thus  the  egg  is  pro- 
tected. 
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Agenia  bombycina  Cresson- 

In  the  literature  of  the  hymenoptera  references  have  been 
made  from  time  to  time,  to  certain  wasps  that  cut  off  the  legs 
of  spiders  or  other  creatures  before  storing  them  away,  but 
observations  on  the  subject  have  been  rare  and  not  very  def- 
inite. Kirby  and  Spence*  quote  from  M.  Oassigny  to  the 
effect  that  he  has  seen  species  of  Sphecmay  in  the  Isle  of 
France,  drag  into  their  holes  dead  cockroaches,  and  that  when 
one  happened  to  be  too  large  to  enter,  the  elytra,  and  come  of 
the  legs  were  removed  so  that  it  could  be  drawn  in  without 
difficulty.  Brehm,  in  the  "Thierleben,"  says  that  Agenia 
punctata  builds  nests  of  mud  and  places  in  each  cell  one  mod- 
erately large  spider  from  which  she  has  first  removed  all  the 
legs.  The  most  interesting  notes  on  the  subject  have  been 
made  by  M.  Goureau*  who  gives  an  account  of  finding  two 
spiders  that  had  been  mutilated  by  wasps,  one  of  them  having 
had  aU  of  the  legs  cut  off  and  the  other,  all  but  the  first  pair. 
At  another  time  a  wasp  that  was  flying  near  him  let  fall  a 
spider  which  he  captured  before  it  could  be  recovered  by  the 
owner.  The  wasp  escaped  so  that  he  could  not  determine  the 
species,  but  the  spider^s  legs  had  been  removed.  He  oondud- 
ed  that  instead  of  stinging  the  spiders  the  wasps  had  mutilated 
them  80  that  they  could  not  run  away.  He  does  not  seem  to 
realize  that  death  would  certainly  result  from  such  an  operation. 

Vespa  germamca  often  cuts  off  the  wings  of  a  dead  wasp  or 
even  cuts  its  body  into  two  parts,  before  flying  away  with  it, 
but  this  is  only  when  the  captured  insect  is  too  lai^  to  be 
handled  in  any  other  way;  and  Pompilus  fusoipennis  some- 
times cuts  off  one  or  more  legs  from  her  spider,  although  with- 
out any  regular  method  of  procedure. 

We  once  saw  a  wasp  of  the  species  Agenia  bombycina  carry- 
ing a  spider  (an  adult  female  Maevia  vittata)  from  which  all 
the  legs  had  been  cut  off  excepting  those  of  the  first  pair.     She 

♦Introduction  to  Entomology,  7th  edition,  p.  562. 

♦Ann.  Soc.  Ent.  de  Prance,  1839.    Tome  VIII.,  pp.  539-542. 
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held  it  by  one  of  the  remaining  legs  and  went  f  orward,  some- 
timee  half  flying.  We  took  the  spider  from  her  and  found 
that  it  was  dead. 

We  have  recently  received  from  Mr.  George  Dimmock  a 
very  interesting  account,  together  with  the  specimens,  of  a  find 
of  a  set  of  cells  of  hombycma.  We  give  the  description  from 
the  notes  that  he  has  generously  placed  at  our  disposal: 

Septembto,  16,  1895.  Found  a  wasp  nest  under  a  itone  at  Ganobie 
Lake,  N.  H.  It  consisted  of  sixteen  small  mnd  cells  about  15x8  nun. 
(PL  IX.,  fig.  3).  Eight  of  these  cells  contained  spiders— «ach  cell  a 
single  spider — and  all  the  spiders  were  of  one  species,  Lffcosa  K(KiMim 
Two  were  immature  females,  three  mature  females  and  three,  mature 
males.  In  the  other  cells  were  the  remains  of  single  spiders  more  or 
less  eaten.  With  one  exception  these  spiders  were  depriyed  of  all 
their  legs  but  not  of  their  palpi.  One  spider  retained,  in  addition  to 
the  palpi,  its  anterior  pair  of  legs  (PI.  IX.,  fig.  2).  One  cell  contained 
a  spun-in-pupa,  and  in  the  remaining  cells  (i.  e.,  eight)  the  spiders 
were  so  far  devoured  that  the  species  could  not  be  readily  deter- 
mined. In  one  cell  was  an  %gg  fastened  upon  a  spider  and  in  others 
larrae  in  yarious  stages  of  development.  Thus  aU  stages  of  the  young, 
from  egg  to  pupa  (and  imago)  were  represented,  only  a  single  imago 
being  found.  She  did  not  attempt  to  defend  the  nest  but  hid  in  the 
grass  near  at  hand.'* 

Thus  the  statements  of  Goureau  and  Brehm  are  confirmed 
and  there  can  be  no,  doubt  that  some  of  the  solitary  wasps  have 
the  remarkable  habit  of  cutting  off  some  or  all  of  the  legs  of 
the  spiders  that  they  use  for  storing  their  nests.  When  Mr. 
Dimmock  sent  us  the  spiders  and  cells^  we  founds  upon  exam- 
ination^  that  a  single  spider  was  just  large  enough  to  fit  com- 
fortably one  of  the  cells.  If  the  legs  had  not  been  removed 
the  victim  would  have  been)  too  large  for  its  coffin.  The  habits 
of  this  wasp  prove  that  in  this  instance  at  leasts  a  dead  and  con- 
siderably mutilated  spider  serves  the  larva  for  food  quite  as  well 
as  a  paralyzed  caterpillar  does  in  the  case  of  ArmmypMla. 

Agenia  architecta  Say. 

For  a  few  days  before  the  fourth  of  July  our  flag  stood  in 
the  comer  of  the  porch,  and  when  we  unfurled  it,  on  the  na- 
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tional  holiday^  we  found  fastened  to  it^  and  hidden  in  its  f old% 
three  dainty  little  nrad  neets,  eight  millimetera  long  by  five 
wide.  Each  neet  contained  a  wasp  laira  and  a -dead  spider. 
The  neets  were  pr6bably  made  one  day  apart  since  the  larv« 
span  their  cocoons  on  the  seventh,  eighth,  and  ninth  of  July, 
giving  a  shorter  larval  stage  than  we  have  ever  known  except- 
ing in  the  case  of  the  little  grasshopper  wasp,  Taehytes  sp.  ?  On 
Jtdy  twenty-ninth  a  male  of  A.  arcMtecta  issued  from  one  of 
the  nests,  and  before  August  second  two  females  had  appeared 
from  the  others. 

On  the  seventeenth  of  July  we  found  two  nests  of  architecta 
fastened  to  the  inside  wall  of  the  boat  house.  The  larvse  had 
already  pupated  and  by  the  twenty-eighth  of  the  month  the 
w^asps  had  flown  away.  From  its  rapid  development  it  seems 
probable  that  this  species  has  two  generations  in  one  season. 
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CHAPTEE  Xni. 
THE  ENEMIES  OP  THE  ORTHOPTERA. 

Tdchytes  spA 
Plate  XL,  fig.  5. 

Early  in  September  this  little  black  wasp  suddenly  became 
very  common  in  the  garden.  The  first  one  that  we  saw  was 
going  forwards  in  a  series  of  long  jumps,  carrying  a  small  grass- 
hopper which  was  held  by  the  base  of  the  antennae*  She  soon 
doubled  on  her  tracks  and  it  became  evident  that  she  did  not 
know  her  way,  but  after  going  around  in  circles  for  two  minutes 
she  ran  into  her  nest.  When  she  came  out  she  spent  a  long 
time  in  circling  around,  flying  close  to  the  ground  in  wavy, 
snaky  lines,  occasionally  alighting  to  run  a  few  steps,  but  in 
spite  of  this  locality  study,  ten  minutes  later,  when  she  came 
jumping  along  with  her  second  grasshopper  she  had  lost  her 
nest  again  and  hunted  about  just  asi  before,  twice  going  directly 
over  it  without  seeing  it.  While  she  was  thus*  occupied  another 
wasp  of  the  same  species  attacked  her  and  tried  to  get  possession 
of  the  grasshopper,  but  the  rightful  owner  was  able  to  defend 
it  At  last  it  was  stored  away  and  she  proceeded  to  fill  the 
nest,  scratching  the  earth  in  with  her  first  legs  and  working  it 
down  with  the  tip  of  the  abdomen.  She  worked  quietly  but 
steadily  for  ten  minutes,  closing  the  place  neatly,  and  then 
brought  bits  of  leaf  and  pieces  of  earth  to  cover  it  all  over. 

On  the  same  afternoon  we  saw  another  of  theses  wasps  dig- 
ging her  nest,  but  she  was  so  much  disturbed  when  we  came 
anywhere  near  her  that  we  were  obliged  to  retire.  On  the  next 
day  we  saw  her  astride  of  a  small  grasshopper  jumping  along 
like  the  one  of  the  day  before.  She  too  had  great  trouble  in 
finding  her  way.     When  she  reached  the  nest  she  laid  her  prey 
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down  while  she  went  inside  for  a  moment,  and  then,  ccmiing 
out,  seized  it  by  the  antennse  and  backed  in  with  it,  instead  of 
taking  it  in  forwards  as  was  done  in  the  other  case. 

Another  wasp  of  this  species  carried  a  much  larger  grass- 
hopper which  was  so  heavy  that  she  could  not  jump  with!  it,  but 
was  obliged  to  keep  to  the  ground.  In  this  case  only  one  was 
used  instead  of  two,  which  is  the  usual  number.  This  wasp  was 
first  seen  at  a  distance  of  twenty  feet  from  her  nest,  and  yet 
she  went  straight  to  the  right  spot  without  the  least  confudon, 
showing  that  some  individuals  of  the  species  have  a  better  idea 
of  locality  than  others. 

The  nest  of  this  species  is  a  short,  shallow  tunnel  with  an 
enlargement  at  the  end,  within  which  are  placed  the  grasshop- 
peis,  on  their  backs,  with  their  heads  in.  (PL  XI.,  fig.  5.) 
Earth  is  packed  solidly  into  the  tunnel  but  not  into  the  cavity 
at  the  end. 

We  took  two  eggs  of  this  species.  Each  was  placed  across 
the  thorax  of  the  grasshopper  at  the  base  of  the  neck,  on  the 
ventral  side.  Both  hatched  at  the  end  of  thirty-six  hours  from 
the  time  they  were  laid,  ate  for  three  days,  and  then  spun  their 
cocoons.  One  of  them  ate  only  one  small  grasshopper,  leav- 
ing a  second  one  xmtouchedy  while  the  other  finished  the  large 
grasshopper  that  formed  her  sole  provision. 

The  grasshoppers  taken  from  the  nests,  five  in  number,  were 
in  all  cases  alive,  there  being  a  quivering  of  the  mouth  parts, 
and  in  some  cases  of  the  legs  also,  without  any  stimulation. 
This  condition  lasted  for  twenty-four  hours  from  the  time  the 
poison  was  injected.  After  that  they  became  quiet  but  re- 
mained alive  until  they  were  destroyed  by  the  larvae. 

Iti  is  a  curious  thing  that  in  these  wasps  is  found  the  perfec- 
tion of  that  method  of  paralyzing  the  prey  which  is  so  much 
dwelt  upon  by  Fabre,  although  from  their  habits  this  fine  work- 
manship is  not  of  the  slightest  use  to  them.  They  entomb 
their  victims  undei^ound,  where  the  conditions  are  favorable 
to  their  preservation,    and   the   extremely   short   period   that 


Digitized  by  LjOOQIC 


THE  ENEMIES  OF  THE  ORTHOPTERA,  16^ 

elapses  between  the  laying  of  the  egg  and  the  spinning  of  the 
cocoon  makes  it  a  matter  of  indifference  whether  the  grass- 
hopper is  alive  or  dead,  since  in  any  case  it  woxdd  be  eaten  be- 
fore decomposition  set  in. 

Lyroda  subita  Say. 

In  our  summer  work  we  often  f oimd  ourselves  wishing  that 
we  could  be  in  half  a  dozen  placesi  at  once  and  could  chase  sev- 
eral wasps  at  the  same  time,  and  never  did  we  feel  these  desires 
more  keenly  than  on  the  twenty-ninth  of  July,  when,  after 
spending  the  best  part  of  an  hour  in  watching  the  himting  of 
an  Ammophila  we  were  obliged  to  choose  between  following 
her  to  a  possible  conclusion,  and  giving  our  attention  to  a  little 
black  wasp  which  we  now  saw  for  the  first  time.  This  wasp 
was  running  around  a  bunch  of  clover  in  a  nervous,  agitated 
manner,  as  though  she  were  oppressed  by  some  great  anxiety. 
The  chance  of  discovering  something  entirely  new  decided  us 
to  relinquish  our  Ammophiline  hopes  and  we  sat  down  at  the 
feet  of  our  new  teacher. 

We  could  not  see  anything  remarkable  about  that  bunch  of 
clover  but  certainly  the  spot  had  some  strong  attraction  for  the 
uneasy  little  wasp.  She  ran  off  first  in  one  direction  and  then 
in  another.  She  circled  about  and  made  short  flights  now  this 
way  and  now  that,  but  always  returned.  At  last  she  betrayed 
the  secret  of  her  interest  by  descending  to  the  ground  and  pick- 
ing up  a  small  black  cricket  which  had  been  lying  close  by  all 
the  time.  She  flew  up  into  the  air  with  it  but  even  now  did 
not  leave  the  neighborhood,  continuing  to  fly  about  from  place 
to  place,  alighting  now  and  again  on  the  bean  plants. 

After  this  performance  had  lasted  for  five  minutes  she 
brought  her  burden  back  to  the  same  spot  that  it  had  occupied 
before,  laid  it  down,  and  without  vouchsafing  to  us  any  expla- 
nation of  her  conduct,  began  to  burrow  into  the  soft  earth. 
She  went  down  head»  first,  backing  out  with  the  dirt,  which  she 
carried  with  the  front  legs.     While  she  was  thus  occupied  we 
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defended  her  booty  against  two  hunting  parties  of  ants  which, 
at  diflPerent  times^  fell  upon  it  and  would  certainly  have  carried 
it  off  if  we  had  not  been  at  hand. 

It  took  the  wasp  twenty  minutes  to  open  the  burrow,  al- 
though, as  we  afterward  learned,  it  had  been  excavated  before. 
At  the  end  of  that  time  she  turned  around  inside,  came  out  head 
first,  and  dragged  the  cricket  within. 

We  at  once  opened  the  nest  but  found  it  impossible  to  fol- 
low the  tunnel  on,  account  of  the  crumbling  of  the  earth.  In- 
deed we  almost  concluded  that  we  were  doomed  to  complete 
failure  for  it  was  not  until  we  had  gone  down  between  six  and 
seven  inches  that  we  found,  in  a  little  pocket,  our  wasp  in  com- 
pany with  three  crickets  upon  one  of  which  was  a  larva  a  day 
or  two  old.  At  the  time  we  knew  nothing  of  the  habits  of 
Bembex  spinolae  and  we  were  much  astomshed  to  find  a  wa^ 
which  evidently  fed  her  young  from  day  to  day. 

The  contents  of  the  nest  were  carefully  conveyed  to  our 
wasp-nursery  at  the  cottage.  The  cricket  that  we  had  seen 
taken  in  was  dead  as  was  also  the  one  upon  which  the  larva 
was  feeding.  The  third  one  was  alive  as  was  shown  by  a 
rhythmic  movement  of  the  palpi  on  the  right  side.  By  the 
next  day,  however,  this  one  also  was  dead. 

On  the  morning  of  the  third  day,  July  thirty-first,  the  larva 
had  eaten  all  of  the  first  cricket  and  the  greater  part  of  one  of 
the  others,  leaving  only  the  large  hind  legs.  Supplying  the 
place  of  the  mother  we  killed  two  more  and  put  them  into  the 
tube.  One  of  these  was  eight  millimeters  long,  this  being 
about  the  size  of  those  which  the  wasp  herself  had  caught,,  while 
the  other  was  of  anothw  species  and  much  larger,  being  thirty 
millimeters  long.  Its  size  and  kind  however  made  no  difference 
to  t^e  larva,  which  attacked  this  one  next  although  there  weie 
two  small  ones  yet  untouched.  It  ate  only  half  of  this  big  one, 
however,  and  then  passed  on.  On  August  second  we  gave  it 
two  more  small  crickets  and  for  that  day  and  the  one  following 
its  good  appetite  continued,  but  on  August  fourth  it  stopped 
eating.     We  thought  that  its  larval  life  must  be  completed,  and 
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expected  to  see  it  spin  its  cocoon,  but  something  was  lacking 
which  we  were  too  ignorant  to  supply  and  on  August  fifth,  it 
died.  It  had  eaten  six  small  crickets  and  haU  of  the  larger  one, 
which  was  equal  to  about  two  more.  Thus  ended  our  only  ac- 
quaintance with  this  interesting  little  wasp. 

Priononyw  atrata  St.  Fai^. 

PL  XIV.,  fig.  4. 

It  had  rained  heavily  in  the  night,  and  when  we  went  down 
to  the  garden  at  a  little  before  noon  of  August  fourteenth,  al- 
though the  sun  was  shining  brightly,  we  found  that  everything 
was  still  too  damp  to  suit  our  fastidious  friends,  the  wasps.  One 
of  them,  however,!  had  b^un  a  task  on  the  day  before  and  felt 
that  she  must  go  on  with  it  whether  the  weather  suited  her  or 
not,  for  in  walking  through  the  strawberry  bed  we  disturbed  a 
big  black  Priononyx  that  flew  up  from  her  nearly  completed 
liest  at  our  approach.  At  one  side  of  the  opening  was  a  pile  of 
freshly  excavated  earth,  and  beneath  this  was  the  material  that 
had  plainly  been  taken  out  the  day  before,  since  the  pellets 
were  wet  and  beaten  together  by  the  rain.  Our  wasp  did  not 
go  far  but  settled  down  on  the  ground  near  by  and  remained 
quiet  for  some  minutes.  Then  she  flew,  over  the  adjoining  row 
of  plants  into  the  next  space  and,  after  running  about  a  little, 
found  her  prey — a  big  brown  locust  (D.  Carolina)  which  had 
been  deposited  there  while  she  went  to  give  flnal  touches  to  the 
nest.  She  was  satisfied  now  with  merely  taking  a  look  at  it, 
after  which  she  rose  on  her  wings  and  circled  widely  about, 
alighting  here  and  there,  but  not  going  back  to  the  nest.  When 
on  the  ground  she  flattened  herself  out,  in  an  odd  way,  lying  so 
that  the  ventral  surface  of  the  body  was  in  contact  with  the 
earth.  We  had  never  before  seen  just  this  action  in  a  wasp, 
but  afterward  we  observed  the  same,  thing  in  P.  scelestus  when 
she  was  in  the  neighborhood  of  her  nest.  After  ten  minutes 
had  passed  in  this  way  she  went  back  to  her  burrow  and  took 
out  half  a  dozen  loads  of  earth,  running  down  and  then  back- 
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ing  out  with  it  in  Her  mfindiblee,  and  not  using  Her  legs  at  all* 
Then  she  went  back  to  her  locust,  which,  in  the  meantime,  had 
been  jerking  its  legs  up  and  down  and  showing  plainly  that  it 
was  not  in  a  state  of  suspended  animation.  She  caught  it  by 
one  antenna,  straddled  it  with  her  long  legs,  and  ran  along 
briskly,  very  much  like  an  Ammophila  until  she  had  reached 
the  open  space  between  the  rows  of  plants  in  which  her  nest  was 
situated,  but  here,  at  a  distance  of  about  three  feet  from  the 
nest  itself,  she  dropped  it,  and  walked  deliberately  away,  past 
the  nest  and  considerably  beyond  it.  'Now  again  she  flattened 
herself  out  close  to  the  ground,  and  remained  in  that  attitude 
for  five  minutes.  Whether  because  she  was  not  quite  ready 
to  lay  the  egg,  or  for  some  other  reason,,  it  was  evident  that  she 
was  in  no  hurry.  At  last,  however,  she .  approached  the  locust 
again.  Just  before  she  reached  it,  it  gave  a  jump  as  if  in  nor- 
mal health,  but  did  not  attempt  to  fly.  We  certainly  ex- 
pected that  she  would  sting  it  again,  but  no,  she  straddled  it 
as  before,  holding  it  at  the  base  of  the  antennae,  and  carried  it 
to  the  nest.  Here  it  was  dropped  while  she  ran  in  for  a  mo- 
ment, came  out,  and  then  backed  in  again,  caught  it,  still  by 
the  base  of  the  antennae,  and  dragged  it  out  of  sight.  When^ 
after  a  few  minutes,  she  came  out,  we  caught  her  and  put  her 
under  a  glass  with  another  locust,  but  she  would  not  touch  it. 

The  nest  was  not  excavated  imtil  two  days  later,  exactly 
forty-eight  hours  from  the  time  the  egg  was  laid.  It  ran  in 
obliquely  for  two  inches,  and  had  no  pocket.  The  locust  had 
been  pulled  in  head  first  with  its  long  third  legs  stretched  out 
behind,  and  the  earth  had  been  pressed  in  aroimd  it  so  closely 
that  it  could  not  move.  As  sooii  as  we  began  to  remove  the 
earth  we  were  conscious  of  a  violent  kicking  down  in  the  dirt. 
The  position  of  the  head  was  indicated  by  a  long  antenna  which 
stuck  up  through  the  covering.  As  the  earth  was  gently  pushed 
away  the  egg  was  revealed.  It  was  fastened  to  the  upper  side 
of  the  body  (the  locust  lay  on  its  right  side)  in  the  skin  just 
above  the  third  leg,  so  that  the  long  curved  free  end  extended 
over  the  thigh.     As  soon  as  the  locust  was  imcovered  it  jumped 
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«way  and  would  have  departed  entirely  if  we  had  not  caught 
it  We  held  its  legs  so  that  it  could  not  kick,  but  it  twitched 
the  muscles  of  its  skin  so  violently  that  the  egg  jumped  up  and 
down.  It  probably  could  not  move  at  all  in  its  narrow  prison 
but  now  that  it  was  taken  out  the  only  chance  of  saving  the 
-egg  was  to  kill  the  locust,  and  therefore  its  grotesque  head  was 
removed,  not  without  sympathy  for  its  hard  fate.  Before  the 
operation  the  mouth  parts,  antennae,  and  first  and  third  pairs 
of  legs  seemed  in  perfect  condition.  The  second  pair  did  not 
move  unless  touched  and  then  only  feebly.  The  wings  were 
motionless. 

In  spite  of  our  precautions  the  egg  never  hatched.  Probably 
it  had  been  too  violently  shaken  up  already. 

This  species  is  evidently  one  of  those  that  first  prepare  the 
nest  and  then  catch  the  wherewithal  to  fill  it.  She  stings  it 
in  such  a  way  that  it  cannot  fly,  and  the  poison  temporarily 
affects  its  legs  also,  but  there  is  at  no  time  a  condition  of  im- 
movability excepting  from  mechanical  causes,  the  wasp  relying 
upon  tight  packing  to  secure  the  necessary  degree  of  quiet. 

We  afterward  saw  this  wasp  occasionally  in  the  garden,  ap- 
parently looking  for  a  place  to  dig  her  nest,  but  flight  always 
carried  her  beyond  our  power  of  following  before  she  found  a 
spot  that  stiited  her.  \ 

Ghlorion  coeruleum  linn. 

PI.  IL,  fig.  3;  PL  XI.,  fig.  4. 

As  we  climbed  the  steep  slope  that  leads  to  the  level  ground 
on  the  top  of  the  island,  one  morning  late  in  August,  we  saw 
a  magnificent  great  steel-blue  wasp  coming  from  the  grass  that 
fringed  the  edge  of  the  cliff,  carrying  in  her  mandibles  a  good 
sized  cricket.  After  running  a  little  way  she  rose  and  flew 
lightly  for  about  eighteen  feet,  and  then,  after  pausing  long 
enough  for  us  to  overtake  her,  ran  forward  again  to  a  large 
hole  on  the  bare  hillside.  To  one  side  of  the  opening  was  a 
pile  of  earth  made  up  of  large  pellets.  Into  this  hole  went  our 
wasp,  without  any  hesitation. 
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When  Bhe  came  out,  at  the  end  of  five  minntes,  we  secured 
her  and  at  once  opened  the  burrow.  The  tunnel  was  large  and 
ran  down  to  a  pocket  (PI.  XL,  fig.  4),  in  which  were  seven 
crickets  (Oryllus  dbbreviatva  linn.),  neatly  arranged  on  th^ 
backs  with  their  heads  inward  and  their  long  hind  legs  pro- 
jecting somewhat  into  the  tunnel.  They  varied  in  length  from 
fourteen  to  seventeen  millimeters.  All  of  them  were  alive  and 
moved  without  any  stimulation.  On  the  fifth  one  taken  out  was 
the  long,  cylindrical  egg,  which  was  placed  on  the  right  side 
of  the  body  at  right  angles  to  its  length,  the  free  end  bdng  di- 
rected upward.  It  was  now  only  nine  o'clock  in  the  morning, 
so  that  it  seemed  likely  that  the  egg  had  been  laid  the  day  be- 
fore, on  August  twenty-seventh.  It  hatched  on  the  morning 
of  the  thirty-first.  The  larval  stage  occupied  ten  daye,  during 
which  time  five  crickets  were  eaten,  the  cocoon  being  spun  on 
September  ninth. 

The  cricket  to  which  the  egg  was  fastened  kicked  violently 
through  the  first  two  days  after  the  hatching,  striking  the  larva 
continually.  The  other  crickets  died  from  day  to  day  but  were 
accepted  without  question  by  the  larva.  . 

Harpactopus  abdominals  Say. 

PI.  II.,  fig.  1. 

Warm  air,  brilliant  sunshine,  and  the  wide  expanse  of  the 
onion-bed  made  the  conditions  for  wasp-hunting  quite  perfect 
on  that  fifth  day  of  July  when  we  first  saw  Harpaetopus  ab- 
dominalis.  The  large,  handsome  wasp,  dressed,  after  the  fash- 
ion of  so  many  of  her  relatives,  in  black  with  a  red  girdle,  was 
hunting  about  among  the  plants  with  an  anxious,  hurried  air, 
which  seemed  to  indicate  that  she  was  looking  for  a  nesting- 
place,  but  when  she  came  to  the  spot  that  ehe  wanted,  a  few 
rapid  scratches  opened  a  burrow  that  had  already  been  made, 
showing  that  this  species,  like  Ammophila,  first  digs  her  nest 
and  then  hunts  for  her  quarry.  If  she  had  first  secured  her  prey 
and  then  made  the  nest  it  would  have  been  open. 
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As  soon  as  she  had  oi>ened  up  the  way  she  began  to  hunt 
about  as  before,  running  hither  and  thither  with  great  rapiditj 
and  showing  by  the  excitement  of  her  manner  that  some  im- 
portant crisis  in  her  affairs  was  at  hand.  After  three  or  four 
minutes  she  stumbled  upon  a  large  dirt-colored  locust  {Disos- 
teria  Carolina)^  which  was  lying  on  the  ground  about  two  feet 
away.  She  seized  her  bulky  prize  by  the  base  of  the  antenn» 
and  carried  it,  right  side  up,  to  the  edge  of  the  hole,  where  it 
was  dropped  while  she  backed  in.  Then,  grasping  it  in  her 
n3!andibles,  she  dragged  it  out  of  sight.  When  she  reappeared 
we  tried  to  catch  her,  and  she  flew  away.  A  few  minutes  later 
she  returned  and  began  to  fill  the  hole  but  again  we  disturbed 
her,  and  this  time  she  was,  perhaps,  impressed  with  the  idea  of 
danger,  for  she  stayed  away  from  the  place  for  at  least  half  an 
hour.  At  the  end  of  this  time  we  gave  her  up  and  turned  our 
attention  to  something  else,  but  when  we  came  back  later  in  the 
day  we  found  that  the  hole  had  been  filled  and  the  spot  neatly 
smoothed  over.  We  dug  out  the  locust  and  found  the  long 
cylindrical  egg  fastened  on  the  right  side,  just  above  and  over^ 
lapping  the  articulation  of  the  third  leg  with  the  body.  The 
locust  was  quiet  but  the  abdomen  pulsated  and  under  stimula- 
tion the  antennae  quivered.  By  the  next  day  it  had  partly  re^ 
covered,  and  from  the  seventh  to  the  tenth  of  July  it  waq  quite 
lively,  kicking  vigorously  when  touched.  On  the  eleventh 
it  began  to  lose  strength  and  on  the  fourteenth  it  died.  The- 
egg  never  hatched. 
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CHAPTER  XIV. 

THE    MUD-DAUBKBS. 

Pehpaew. 
PL  n.,  fig.  6;  PI.  X.,  figs.  1-3. 

This  genus  is  widely  distributed,  being  found  in  all  regions 
of  the  earth,  and  contains  a  large  number  of  species.  Of  these, 
two  are  common  in  this  locality,  Pehpaeua  cementariM,  or 
Yellow  Mud-dauber,  and  Pehpaeua  coeruleuSy  or  Blue  Mud- 
dauber.  The  latter  is  much  the  more  common  of  the  two,  and 
its  irridescent  steel-blue  color  makes  it  one  of  the  meet  beauti- 
ful of  our  wasps.  For  a  number  of  years  we  have  given  a  great 
deal  of  time  to  the  habits  of  this  genus  and  we  are  far  from 
agreeing  with  that  mcst  distinguished  observer,  Fabre,  in  the 
opinion  that  its  r61e  is  one  of  mediocre  interest.  The  large 
measure  of  individuality  that  we  have  found  in  the  habits  of 
the  different  individuals  tliat  we  have  studied,  may,  it  is  true, 
be  only  the  natural  result  of  the  large  number  of  our  observa- 
tions. Perhaps  all  of  the  solitary  wasps  would  be  found  to  vary 
as  widely  as  the  mud-daubers  if  several  hundred  examples  of 
each  species  were  carefully  studied.  Be  that  as  it  may,  it  i& 
certainly  true  that  our  mud-daubers  possess  all  the  charm  of 
marked  individuality,  with  few  defects  of  temper,  and  that  they 
lead  most  industrious  and  interesting  lives. 

We  have  not  been  able  to  determine  how  many  generations 
there  are  in  a  year,  but  there  are  certainly  two,  and  perhaps 
three.  In  May  or  June  the  female  makes  her  appearance  and 
begins  the  work  of  establishing  a  home.  Almost  invariably 
she  decides  to  btiild  for  herself,  although  now  and  then  she  uses 
an  old  nest.  This  habit  of  occasionally  renting  an  old  house 
is  common  to  a  large  number  of  wasps  that  under  ordinary  cir- 
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cnmstanoeB  prefer  to  construct  their  own  domicilas.  We  have, 
in  Beveral  instances^  eeen  two  or  three  queens  of  our  Polistes 
fusca  join  together  and  utilize  a  neet  of  the  preceding  year, 
each  one  clearing  up  three  or  four  cells  wherein  to  start  her 
colony,  while  close  by  other  queens  were  starting  new  neets^ 
each  building  one  for  herself ,  being  unable  to  find  anything 
that  suited  her  among  the  numerous  old  ones  that  hung  about 
the  place.  This  intelligent  use  of  old  habitations  on  the  part 
of  Pelopaeus  is  not  very  frequent,  the  instinct  to  build  seeming 
well-nigh  imperative. 

The  spot  chosen  for  the  nest  may  be  in  a  bam,  up  among  the 
rafters,  in  an  out-house,  under  the  roof  of  a  porch,  or  indeed 
in  any  sheltered  place  where  it  will  be  protected.  Originally 
they  built  under  over-hanging  rocks  and  in  hollow  trees,  as  they 
still  do  if  better  places  are  not  to  be  found,  but  when  near  hu- 
man habitations  they  make  use  of  the  more  convenient  positions 
which  they  offer.  Fabre  says  that  the  Pelopaei  in  France 
build  on  chimneys  inside  of  houses,  and  he  even  believes  that 
tbey  examine  a  chimney  to  see  whether  it  is  in  use,  so  that  they 
may  be  assured  of  sufficient  warmth  for  their  young  during  the 
-winter.  Our  wasps  are  less  provident,  perhaps  because  they  are 
entirely  able  to  withstand  a  low  temperature,  and  so  have  not 
had  their  intelligence  so  highly  cultivated  as  is  the  ease  with  their 
French  cousins. 

Having  selected  a  place  the  wasp  goes  off  for  her  building 
material.  She  will  use  almost  any  kind  of  earth  if  only  it  be 
damp.  We  once  found  a  nest  consisting  of  a  group  of  fifteen 
cells,  four  of  which,  in  the  center,  were  constructed  entirely  of 
pure  white  plaster,  making  a  striking  color  contrast  with  the 
mud  colored  cells  which  surrounded  them.  In  gathering  her  load 
of  mud,  the  wasp  forces  her  head  down  into  the  soil,  raising  her 
body  into  a  nearly  vertical  position.  While  she  works  she  gives 
vent  to  her  feelings  in  a  loud  contented  hum.  She  ceases  to 
sing  as  she  rises,  with  a  lump  of  mud  held  in  her  mandibles. 
On  arriving  at  the  scene  of  her  building  operations  she  places 
the  soft  mud  in  position,  using  her  mouth,  mandibles,  and  feet, 
12 
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patting  it  both  inside  and  outside  as  the  wall  grows.  The  lay- 
ers are  put  on  in  a  more  or  less  oblique  position,  and  each  load 
makes  about  haK  a  ring  in  the  larger  parts,  or  a  whole  ring 
near  the  bottom  of  the  cell.  From  thirty-two  to  forty  loads 
complete  the  cell,  which  is  composed  of  from  sixteen  to  twenty 
layers.  As  a  usual  thing  one  cell  is  placed  against  another 
until  a  large  mass  is  formed.  The  wasp  adds  nothing  to  the 
mud,  depending  upon  its  drying  for  the  necessary  firmness,  and 
if,  by  some  accident,  the  rain  strikes  it  the  whole  becomes  soft 
and  falls  to  pieces.  Since  one  wasp  builds  in  several  different 
places  in  a  summer  it  is  difficult  to  say  what  shoiild  be  con- 
sidered a  fair  amount  of  work  for  a  season.  Most  commonly 
there  are  five  or  six  cells  in  a  group.  The  largest  number 
that  we  have  ever  found  was  twenty-one.  Probably  we  diould 
have  found  the  average  number  higher  if  we  had  not  collected 
while  the  work  was  still  going  ^on,  instead  of  waiting  until  the 
season  was  over. 

The  cells,  when  first  finished,  are  el^ant  affairs,  and  with 
the  blue  or  yellow  wasp  standing  on  the  rim,  they  present  a 
very  pretty  picture;  but  soon  all  this  is  changed,  for  when  a  few 
cells  are  done  she  brings  pellets  of  mud  and  plasters  them  all 
over  the  outside,  hiding  the  contour  of  the  rings  and  making  it^ 
in  very  truth,  the  nest  of  a  dauber.  What  it  loses  in  beauty, 
however,  it  gains  in  durability  and  strength,  and  as  the  later 
cocoons  must  remain  within  through  the  winter  we  will  hope 
that  the  thickneai  of  the  walls  serves  as  a  protection  when  the 
mercury  goes  down  below  the  zero  point.  One  vrBisp  had  too 
much  artistic  sense  to  spoil  the  appearance  of  her  work,  but  she 
compromised  with  her  instinct  by  bringing  the  extra  amount  <^ 
mud  and  attaching  it  in  lumps  here  and  there  over  the  whole 
of  the  group  (PI.  X.,  fig.  1.)  We,  ourselves,  preferred  this 
style  of  architecture  to  the  other.  The  chief  interest  of  Pcte- 
paeus  lies  in  instances  like  this,  of  marked  variation  in  an  im- 
portant instinct. 

Almost  all  the  cells  that  we  have  collected  during  the  past 
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six  years,  or,  to  be  more  exact,  five  hundred  and  forty-six  neBts 
out  of  five  hundred  and  seventy-three^  had  their  openings  at  the 
top,  the  longitudinal  axis  being  nearly  vertical,  while  twenty- 
eeven  were  placed  horizontally,  with  the  opening  at  the  side. 
(PI.  X.,  figs.  2-3.)  Fabre  found  ihat  in  France,  Pelopdeus 
always  gave  the  cell  a  horizontal  or  slightly  oblique  direction 
with  the  opening  out  or  a  little  up.  With  our  wasps  the  vari- 
ation in  the  position  of  the  cells  was  an  individual  affair,  sincd 
one  woidd  sometimes  change  the  direction  of  the  cells  she  was 
making.  One  fickle-minded  worker  built  two  with  their  open- 
ings directly  up,  and  then  placed  a  third  cell  at  right  angles  to 
these  with  the  opening  out.  Another  made  sixteen  vertical 
cells  and  then,  changing  her  plan,  placed  two  horizontally. 
We  found  another  group  of  six,  of  which  four  opened  up  and 
two  out,  and  still  another  with  five  up  and  four  out.  So  far  as 
we  could  see  the  one  direction  possessed  no  advantage  over  the 
other.  Maindron,  in  describing  the  habits  of  Pelopdeus  in  the 
Indian  Archipelago,  says  that  what  strikes  him  most  in  the 
aspect  of  their  nests  is  their  great  variability.  He  has  never 
found  two  alike  in  exterior  form,  in  volume,  or  in  the  number 
of  cells,  and  these  also  vary  greatly,  although  they  are  almost 
always  oblong.* 

So  soon  as  the  cell  is  done,  even  if  it  be  late  in  the  afternoon, 
the  wasp  begins  to  lay  in  the  food  supply  for  her  offspring.  In 
this  she  differs  from  most  of  her  relatives,  aa  few  of  them  will 
work  after  four  o'clock.  In  favorable  weather  the  blue  wasp 
often  builds  and  stores  a  nest  in  a  single  day.  The  prey  that 
she  seeks  is  spiders,  and  this  seems  to  be  true  of  Pelopdeus  all 
over  the  world.  They  take  spiders  of  many  different  kinds,  but 
always  spiders.  If  a  wasp  begins  to  put  a  common  species  into 
her  nest  she  is  very  likely  to  continue  with  it  until  the  cell  is 
full,  but  she  exercises  a  wise  eclecticism  in  her  choice  and  saves 
herself  all  the  trouble  that  she  can.  In  spring  and  through 
mid-summer  our  wasps  most  frequently  take  Epeird  striXy  vuJr 

*Aim.  Soc.  Entom.  de  France,  Tome  Vm.,  p.  338. 
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gariSy  and  jtmiperiy  wUcli  are  very  oommon  at  that  time^  but 
their  depredations  are  not  confined  to  these  species,  as  represen- 
tatives of  several  families  are  often  found  in  the  same  oelL 
HentZy  the  well-known  arachnologist,  said  that  he  made  some  of 
his  rarest  finds  in  mud-^aubers'  nests.  Sex  plays  no  important 
part  in  determining  the  choice  since  when  the  males  are  abund- 
ant they  are  commonly  seized.  In  September,  wlien  many  of 
them  mature,  the  proportion  of  the  males  to  the  females  in- 
creases. Dr.  McCook,  in  his  work  on  American  spiders,  says:* 
'T[t  is,  however,  true  that  in  the  gatherings  of  any  individual 
wasp  there  is  apt  to  be  a  preponderance  of  a  single  species  of 
spider.  Thus  it  would  seem  that  a  wasp  starting  out  with 
Epeira  atrix,  for  example,  is  apt  to  devote  herself  chiefly  to 
collecting  that  particular  species.''  But  after  all  the  prefer- 
ence, if  any  exists^  is  but  littlef  developed  and  propinquity  is  the 
important  factor  in  determining  what  arachnid  is  taken. 

An  extract  from  our  notes  will  give  an  idea  of  the  contents 
of  these  cells. 

Nest  taken  July  17  oontained  9  TheridUm  tepadariorum. 

Nest  taken  July  17  Oontained  16  E,  9trix,  1  ThanUald. 
,    Nest  taken  July  17  contained    10    young   A.    riparian    4    SteadoU 
martnorata,  1  E,  iiMutorfo,  1  unknown. 

Nest  taken  July  21  contained  5  E,  insularis^  3  PhidippuB  rufus  (1 
male  and  2  females,  all  mature),  1  A,  riparia. 

Nest  taken  July  22  contained  9  TTiomUus  ferox. 

Nest  taken  July  22  contained  9  A,  riparia,  5  Bteadota  marmorata. 

Nest  taken  July  22  contained  15  E.  labyrinthea,  1  Dendrvphantei 
tniUtaris  maJes,  adult. 

Nest  taken  July  23  contained  12  Xysticua  sp.? 

Nest  taken  July  23  contained  7  Phidippus  3'Punctatu8,  1  XyHicus 
Bp.? 

Neet  taken  Augfust  18  contained  9  OrbweaTcrs,  {E.  insularis  and 
juniperi). 

Nest  taken  Augfust  18  contained  15  A.  riparia. 

Nest  taken  September  14  contained  1  Mi9umena  obUmga,  2  B. 
vulgaris  (1  maJe),  2  E.  funiperi  (1  maJe),  4  2£.  aaperata,  4  E.  9triw,  1  E. 
Z-punetaHu, 


'American  Spiders  and  their  Spinning  Work,  Vol.  :n,  p.  386. 
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We  might  add  to  theee  notes  but  it  is  not  necessary  as  they 
are  fair  samples  of  the  hundreds  of  cells  that  -we  have  exam- 
ined.  The  number  stored  is  as  variable  as  the  species.  Wd 
have  found  as  few  as  four  in  a  closed  nest,  and  Hentz  once 
coimted  forty.  They  pack  in  as  many  as  the  nest  will  hold, 
using  the  head  to  push  them  as  close  together  as  possible,  the 
legs  of  the  spiders  being  bent  in  all  directions  without  regard 
to  either  their  comfort  or  their  life.  They  order  their  food  by 
the  pound  rather  than  by  the  dozen,  as  it  is  said  very  thrifty 
people  do  with  their  eggs. 

The  method  of  capture  is  the  most  interesting  as  well  as  the 
most  important  part  of  the  life  history  of  the  solitary  wasps. 
One  can  scarcely  overestimate  the.  value  of  the  observations  of 
M.  Fabre  in  this  field  and  the  longer  we  study  his  experiments 
the  greater  becomes  our  admiration  of  him  and  of  his  work.  In 
one  of  his  chapters,  while  estimating  the  value  of  his  own 
achievements  in  different  lines,  he  says  that  while  the  zoologist 
will  prefer  one  part  of  his  work  and  the  embryologist  another, 
that  the  philosopher  who  is  concerned  with  the  nature  of  in- 
stinct will  give  the  palm  to  his  study  of  the  predatory  wasps. 
He  then  goes  on  to  say:  "I  am  with  these  last.  Without  hesi- 
tation I  would  abandon  all  the  rest  of  my  entomological  bag- 
gage for  this  work,  which,  moreover,  was  the  earliest  in  date 
and  which  has  for  me  the  dearest  associations." 

During  the  last  three  years  we  have  tried  many  ways  of  dis- 
eovering  the  manner  in  which  the  Pelopnei  sting  their  prey. 
One  plan  after  another  has  been  thought  out,  tried  and  aban- 
doned as  useless.  The  quality  of  patience  is  worth  cultivating 
and  we  have  found  that  unless  one  is  possessed  of  a  large  stock  of 
that  virtue  together  with  a  firm  belief  in  Darwin's  sentiment, 
''it  is  dogged  as  does  it,"  he  had  better  abandon  the  study  of 
the  habits  of  animals. 

Having  failed  entirely  in  our  experimental  efforts  to  discover 
the  method  of  Pelopaeus  we  resolved  to  follow  them  in  the 
field.  We  jealously  guarded  the  spiders  that  spun  their  webs 
on  our  cottage  walls,  in  the   hope  that  their  enemies   would 
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come  there  to  seek  them.  No  devafitatmg  broom  was  allowed 
to  disturb  them  and  they  increased  and  multiplied  wonderfully^ 
but  the  unreasonable  wasps  never  came  near  them.  We  scarcel  j 
knew  what  to  do  next,  but  just  at  this  juncture  a  friend  who 
lived  several  miles  away^  sent  us  word  that  his  cottage  porch 
was  a  favorite  hunting-ground  of  the  Pelopaei,  and,  thankful 
for  the  opportunity,  but  wondering  much  why  his  cottage  was 
preferred  to  ours,  we  made  haste  to  go  over  to  the  scene  of 
their  operations. 

The  questions  to  which  we  wanted  answers  were  these:  How 
was  the  spider  seized?  When  and  how  many  times  was  it  stungf 
Was  the  wound  given  with  discrimination,  a  certain  point  in 
the  ganglion  being  pricked  so  that  the  spider  might  be  paral- 
yzed but  not  killed,  or  was  it  given  after  the  manner  of  a  nov- 
ice in  the  art?     Was  there  any  malaxation? 

To  make  sure  of  all  these  points  during  the  brief  instant  of 
turmoil  that  covered  the  capture  of  the  spider  was,  perhaps, 
asking  too  much.  At  any  rate  we  had  to  content  ourselves 
with  partial  success.  We  had  scarcely  arrived  at  our  friend's 
cottage,  when,  to  our  great  delight,  a  blue  Pelopaeus  came  fly- 
ing along^  alighted  on  the  wall,  and  began  her  search,  creeping 
into  comers  and  cracks  and  investigating  cottony  lumps  of  web. 
In  a  few  moments  a  small  Epeira  strix  (the  only  species  to  be 
found  on  the  cottage),  was  dislodged  and  at  once  dropped  to  the 
floor  of  the  porch.  The  wasp  paid  no  further  attention  to  it 
but  went  on  with  her  search.  Three  more  spiders,  one  after 
the  other,  were  disturbed  and  dropped  to  the  floor  without  being 
followed.  The  fifth  one  discovered  was  a  little  larger  than  the 
others  and  was  seized  by  the  jaws  and  first  legs  of  the  wasp  be- 
fore it  had  time  to  escape.  It  was  then  rolled  into  a  ball,  or 
at  least  so  it  appeared,  and  stung,  then  rolled  a  little  more,  and 
stung  again,  and  then  carried  off.  We  had  scarcely  drawn 
,  reath  after  this  performance  when  a  second  wasp  appeared. 
This  one  dislodged  two  spiders,  and  then  caught  a  third  which 
was  seized  and  stung   without  any  rolling  and  then  instantly 
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borne  away.  A  third  wasp  seized  the  first  spider  that  she  found 
and  started  on  her  flight  at  the  same  moment,  stinging  it  on  the 
wing. 

So  the  game  went  on  while  the  three  of  ns,  for  our  friend 
soon  became  infected  with  our  enthnsiasm,  waxed  warm  with 
the  excitement  and  fascination  of  the  chase.  As  the  hours  went 
by  some  of  the  yellow  mud-daubers  appeared,  adding  to  the  in- 
terest of  the  scene,  although  we  could  not  see  that  their  method 
differed  in  the  least  from  that  of  coeruleus. 

Barely  did  they  succeed  in  catching  a  spider  until  they  had 
dislodged  two  or  three.  Sometimes  the  spiders  were  followed 
as  they  dropped,  and  were  caught  on  the  floor,  but  of  tener  the 
wasp  let  them  escape  and  continued  her  search  on  the  wall.  At 
the  moment  of  capture  we  could  see  that  she  bent  her  abdomen 
under  and  inflicted  a  sting,  but  although  we  concentrated  our 
attention  on  the  point  we  could  not  be  sure  as  to  just  what  part 
was  touched.  Sometimes  it  was  the  under  part  of  the  abdomen 
that  seemed  to  be  stung,  but  more  commonly  it  was  the  oephalo- 
thorax,  underneath  or  at  the  side.  Once,  when  the  three  of  ua 
were  watching  the  same  wasp,  we  all  agreed  that  the  thrust  was 
given  in  the  dorsum  of  the  abdomen,  but  the  whole  thing  was 
done  with  such  a  rush  that  we  cannot  make  any  positive  state- 
ment. It  is,  however,  our  impression  that  this  first  sdng  was 
given  anywhere,  at  random,  with  the  object  of  producing  a  con- 
dition of  temporary  quiet  in  the  victim  so  that  the  next  part  of 
the  operation  could  be  carried  on  with  deliberation. 

The  second  step  in  the  procedure  was  commonly  for  the  wasp 
to>  alight  upon  some  neighboring  object,  usually  the  branch  of  a 
bush  or  tree,  and  sting  the  spider  a  second  time.  She  now  had 
every  opportunity  for  the  operation  of  learned  surgery,  and 
she  was  evidently  in  no  haste,  but  the  difficulty  of  following  her 
as  she  flew,  and  her  habit  of  alighting  above  our  range  of  vision 
made  it  almost  impossible  to  see  just  what  she  did.  She  cer- 
tainly remained  on  the  branch  for  some  moments,  either  resting 
quietly  or  rolling  the  spider  around  and  around. 
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As  the  fruit  of  that  day's  lahor  we  saw  twenty-six  assassiiis 
capture  and  poinard  as  many  victims^  and  with  their  actions  as 
a  basis  we  may  assert  that  the  wasp  very  commonly  stings  her 
prey  twice,  first  at  the  moment  of  capture  and  again  after  she 
has  alighted  near  by,  and  that  the  method  of  operation  gives  her 
every  opportunity  for  the  exercise   of  any  skill  that  she  may 


Having  failed  then  in  our  plan  of  studying  Pelopaeus  under 
artificial  conditions,  and  having  met  with  only  a  moderate  de- 
gree of  success  in  watching  the  wasps  out  of  doors,  we  found 
ourselves  obliged  to  rely  mainly  upon  a  third  method,  that  of 
studying  the  condition  of  as  many  of  the  spiders  as  we  could 
gather,  in  the  hope  of  deciding  whether  these  wasps  are  so  won- 
derfully skilful  as  they  are  reported  to  be,  or  whether  they  are 
novices  in  the  art  of  paralyzing  their  prey.  To  the  layman  the 
results  of  a  surgeon's  work  are  much  more  important  than  the 
method  of  his  procedure,  and  the  test  of  his  skill  is  the  per- 
centage of  recoveries  among  his  patients.  Since  the  wasp,  then, 
has  been  held  up  as  an  adept  in  the  art  of  producing  paralysis 
without  death,  we  thought  it  fair  to  adopt  a  similar  test  with 
her,  and  so  we  set  for  ourselves  the  task  of  examining  spiders 
from  the  cells  of  PelopaeuSy  to  see  how  many  were  killed  at 
the  moment  of  capture,  or  were  so  much  injured  that  they  died 
shortly  after,  and  how  many  had  been  stung  with  such  discrim- 
ination as  to  preserve  them  for  many  days  alive,  but  motionless^ 
a  store  of  fresh  food  for  the  larva  of  the  wasp.  It  may  be 
urged  that  dead  spiders  serve  this  purpose  as  well  as  living  ones, 
but  this  is  a  separate  question.  The  point  to  be  first  determined 
is  whether  the  instinct  to  sting  a  certain  place  is  much,  or  little 
developed  in  these  wasps. 

We  examined  in  all  five  hundred  and  seventy-three  cells.  Of 
these,  forty  had  been  freshly  sealed  up  with  the  egg  just  laid, 
or  were  still  open,  the  process  of  storing  not  having  been  com^ 
pleted.  Under  these  circumstances  the  spiders  were  from  one 
to  three  days  old  and  gave  valuable  information  as  to  the  point 
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in  question.     A  detailed  account  of  all  our  obeeryations  would 
be  too  tedious  but  we  select  a  few  typical  cases  under  each  head. 

August  15.  Took  a  nest  containing  fourteen  specimens  of  A.rgi4)pe 
cophincria  from  1-4  to  1-3  grown.  Egg  on  anterior  part  of  abdomen. 
The  spiders  were  very  closely  packed  together  and  although  plump 
and  fresh  were  all  dead. 

July  23.  Found  nest  with  fourteen  spiders,  four  alive,  ten  dead.  Of 
the  dead  ones  four  looked  plump  and  fresh,  and  six  were  dry.  They 
were  packed  together  even  more  tightly  than  usual,  so  much  so  that 
the  abdomens  of  the  dry  ones  were  crushed  and  glued  together  and 
also  to  the  walls  of  the  nest.  One  spider  was  partly  plastered  into 
the  top  of  the  cell  where  it  had  been  closed.  Those  near  the  top 
were  the  freshest.  A  second  nest  gave  us  fourteen  specimens  of 
Ep^ira  juniperi,  including  many  varieties  of  this  variable  species. 
There  was  no  egg,  although  the  nest  had  been  closed.  This  was  the 
finest  looking  and  best  conditioned  lot  of  spiders  that  we  have  ever 
seen.    Thirteen  of  them  were  alive  and  one  dead. 

July  28.  On  re-examining  the  spiders  of  the  second  nest  taken  on 
July  23,  we  found  that  nine  of  the  thirteen  were  dead,  three  of  these 
being  partly  dry. 

September  14.  We  took  a  nest  of  which  the  provisioning  was  not 
quite  completed.  It  contained  fourteen  spiders,  eleven  of  them  being 
dead  and  three  alive.  Twelve  of  them  were  very  plump  and  fresh 
looking,  while  two  had  their  abdomens  crushed  and  looked  old.  The 
egg  had  not  yet  been  laid.  We  repeatedly  examined  the  spiders  very 
carefully  with  a  magnifying  glass  and  even  tried  them  with  alcohol, 
which  causes  a  good  deal  of  movement  in  those  that  are  only  para- 
lyzed, but  they  were  certainly  dead. 

September  15,  8  P.  M.  Have  spent  two  hours  in  working  over  the 
«piders  taken  yesterday.  The  three  are  still  alive,  but  there  has  been 
no  recovery  among  those  that  we  pronounced  dead. 

September  26.  The  three  are  still  alive.  Four  of  the  others  are 
▼ery  dry. 

This  will  suffice  to  give,  a  fair  idea  of  the  surgical  skill  of  our 
ravishers.  It  is  plain  that  the  most  of  the  spiders  are  killed  at 
once(;  while  a  quarter  or  a  third  of  them  live  for  a  period  vary- 
ing from  one  to  twelve  days,  dying  in  the  nest  from  day  to  day. 
Among  those  taken  from  other  nests  were  some  that  were  so 
dightly  injured  that  they  lived  all  the  way  from  twelve  to  forty 
•days. 
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We  liave  tabulated  below  the  resultB  obtained  from  our  stadj 
of  the  forty  neeta  above  referred  to: 

Table  No.  1. — Showing  condition  of  spiders  found  stored  in   40 
nests—  1-4  days  old. 


GOKDITIOH 

ofSpidsb. 

COHDXnOH  OF  8PIDBB. 

No.   of 
n60t. 

Total  No. 
innesl. 

No.  of 

DAtt. 

Total  Na 
in  nest. 

No. 
dead. 

aUve. 

No. 
dead. 

No. 
aUve. 

1 

1 

2 

21 

8 

2 

10 

9 
14 
10 

9 
14 
15 

22 
28 
24 

1 
7 
6 

1 
8 
2 

2 

10 

6 

8 

12 
8 
20 
28 

12 

8 
21 
29 

26 
28 
27 
28 

3 
13 

16 
12 
15 

1 

19 

26 

1 
1 

16 

18 

14 

20 

5 

2S 

29 

10 

4 

14 

10 

17 

1 

18 

80 

1 

13 

14 

11 

12 

6 

17 

81 

13 

4 

14 

12 

S 

6 

9     • 

82 

2 

3 

5 

18 

15 

2 

17 

88 

7 

1 

8 

u 

6 

1 
9 

8 
2 

4 

18 
8 
18 

84 
86 
86 

15 

6 
U 

15 

15 

6 

16 

2 

IS 

17 

5 

6 

11 

37 

1 

5 

6 

18 

18 

6 

19 

88 

1 

13 

14 

19 

8 

10 

18 

38 

6 

4 

10 

20 

4 

1 

5 

40 

11 

3 

14 

816 

177 

493 

The  table  shows  that  about  thirty-three  per  cent,  of  the  spi- 
ders are  so  skillfully  stung  that  they  are  only  paralyzed,  while 
the  remainder  are  so  poorly  stung  that  they  are  killed.  After 
death  they  begin  to  dry  up  but  remain  in  good  condition  for  at 
least  twelve  or  fourteen  days.  As  compared  with  other  species- 
of  the  same  genus  our  wasps  excel  those  of  France,  which,  Fabre 
has  found,  almost  invariably  kill  their  prey  at  once,  but  they 
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fall  far  below  some  of  thoee  that  are  found  in  other  parts  of  the 
world.  Monteiro,  in  his  work,  "Angola  and  the  River  Congo'' 
(p.  323),  aays  that  he  has  opened  many  of  the  nests  of  Pelopaeus 
spirifex  and  has  always  found  the  spiders  alive,  though  unable 
to  crawl  away  when  taken  out.  ^^hilst  at  Bembe,"  he  says, 
'*I  fortunately  witnessed  a  fight  between  a  large  specimen  of 
these  wasps  and  a  powerful  spider  which  had  built  its  fine  web 
on  my  office  wall.  The  spider  nearly  had  the  wasp  enveloped 
in  its  web  several  times,  and  by  means  of  its  long  legs  prevented 
the  wasp  from  reaching  its  body  with  its  sting,  but  at  lasty  after 
a  few  minutes'  hard  fighting,  the  wasp  managed  to  stab  the 
spider  right  in  the  abdomen,  when  it  instantly  curled  up  its 
legs  and  dropped  like  dead  to  the  ground.  The  wasp  pounced 
down  on  it,  but  I  interfered,  and  picking  up  the  spider  placed  it 
Tinder  a  tumbler  to  ascertain  how  long  it  would  live.  *  *  * 
It  lived  for  a  week,  and,  although  moving  its  legs  when  touched, 
liad  no  power  of  locomotion,  showing  that  the  poison  of  the 
wasp  has  a  strong  paralyzing  effect."  Eversmann  gives  similar 
testimony  in  regard  to  Pelopaeus  distillari/us.  He  has  opened 
forty  cells  of  this  species  and  has  always  found  the  spiders  alive.* 
Thus  we  have,  in  the  different  species  of  this  genus,  the  widest 
variation  in  the  habit  of  stinging  the  prey.  Some  kill  almost 
all  of  the  spiders,  others  kill  more  than  half,  while  yet  others,  it 
is  claimed,  put  up  all  their  victims  in  a  living  but  helpless  con- 
dition. 

Our  wasps  did  not  share  the  habit  of  those  observed  in  France^ 
in  laying  the  egg  upon  the  first  spider  placed  in  the  cell.  In- 
deed we  found  that  it  was  only  after  the  nest  was  completely 
provisioned  that  the  egg  was  laid,  on  the  abdomen  of  one  of 
the  last  spiders  brought  in.  The  importance  which  Fabre  at- 
taches to  the  early  laying  of  the  egg  seems  to  us  a  little  exagger- 
ated as  the  difference  in  time  in  the  two  methods  of  procedure 
cannot  be  enough  to  give  much  advantage  either  way.  "We 
have  often  counted  the  number  of  journeys  that  a  wasp  makes 
in  an  hour,  and  have  found  that  it  averages  from  twelve  to 
•BuUetin  Mosc.,  Tome  XXI.,  2,  184S,  p.  24S. 
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fifteen.  At  thia  rate  the  nest  could  be  filled  in  about  sixty 
minutes,  and  even  if  it  took  two  or  three  times  as  long  the 
change  in  the  condition  of  the  spiders  would  be  insignificant. 
If 9  in  stocking  her  larder,  PelopaetiS  had  to  hunt  as  long  for  her 
spiders  as  Ammophila  does  for  her  caterpillars,  we  might  find 
in  the  deposition  of  the  ^g  upon  the  first  one  secured  ''the 
happy  arrangement"  so  much  dwelt  upon  by  M.  Fabre.  We 
quote  the  following  notes  kindly  made  for  us  by  Mr,  S.  N.  Dun- 
ning, on  P.  cementari/us. 

Pelopaeus  cementarius. 
July  13,  1896. 

"Four  cells  finished.  Nest  formed  on  wall  near  ceiling  in 
home  at  Hartford,  Ct 

"Cell  No.  1  contained  pupa  surrounded  by  a  glutinous  mem- 
brane and  the  legs  of  spiders. 

"Cell  No.  2  contained  pupa  surrounded  by  glutinous  mem- 
brane but  no  spiders,  legs  or  leavings  of  any  kind. 

"Cell  No.  3  contained  a  larva  just  ready  to  pupate  and  a  few 
remnants  of  legs  of  spiders. 

"Cell  No.  4  contained  a  young  larva  1-4  in.  long  and  11 
medium  sized  spiders  (oblong  shaped  and  3-8  in.  long)  of  what 
appeared  to  be  two  species  of  which  8  were  black  and  3  grayisL 
Of  these  tho  legs  of  ten  could  be  made  to  quiver  but  one  was 
apparently  quite  dead. 

"A  fifth  cell,  finished  all  excepting  the  entrance,  contained 
one  spider  which  was  easily  made  to  quiver  its  legs.  There  was 
no  egg." 

After  the  egg  is  laid  and  the  nest  closed  up  the  duties  of  the 
mother  are  over  and  that  cell  and  its  contents  are  abandoned 
to  their  fate.  More  mud  is  brought,  more  nests  are  built  and 
more  eggs  are  laid,  but  further  responsibility  for  her  offspring 
she  knows  not  If  all  goes  well,  in  from  two  to  three  days,  de- 
pending on  the  temperature,  the  larva  hatches  and  begins  to  eat 
the  spider  to  which  it  is  attached,  finishing  the  abdomen  in  one 
day  if  it  is  of  medium  size.     Quite  conamonly  the  larva  eats 
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only  tlie  abdom^ifi  of  the  first  four  or  five  spiders  that  it  attacks^ 
but  after  this  it  eats  the  cephalothorax  and  even  the  legS)  of  one 
befoi^  passing  to  the  next.       Later  on,  it  may  return  to  the 
harder  parts  that  -were  neglected  at  first  and  devour  them  also, 
finishing  up,  last  of  all,  with  any  broken  pieces  of  legs  that  may 
have  been  overlooked.     There  are  exceptions  to  this  order,  for 
some  larvse  do  not  leave  the  first  spider  until  the  whole  body  is 
consumed,    but  in  all  instances  where    the  supply  of  food  is 
plentiful,  many  of  the  legs,  and  sometimes  whole  spiders  are 
left     Our  study  of  the  eating  habits  of  these  larvae  has  led  us 
to  the  conclusion  tliat  they  are  not  in  the  least  fastidious  as  to 
whether  the  food  is  hard  or  soft,  fresh  or  dry.     Their  habit  of 
eating  only  the  abdomens  of  the  first  spiders  comes  about  from 
the  fact  that  when  the  abdomen  is  consumed  it  is  broken  from 
the  cephalothorax  and  in  squirming  around  in  search  of  an- 
other piece  they  are  likely  to  come  into  contact  with  another  ab- 
domen.    As  they  grow  larger  and  stronger  they  eat  the  whole 
spider  at  a  sitting,  be  he  alive  or  be  he  dead.     Perfectly  dry 
spiders  furnish  as  much  proteid  matter  as  the  same  number  of 
fresh  ones.     On  several  occasions  when  playing  nurse-mother 
to  a  number  of  growing  larvce,  which  we  kept  in  little  glass 
saucers,  where  we  had  not  provided  a  large  enough  food  supply 
we  made  good  the  deficiency  by  adding  a  number  of  dead  and 
dry  spiders  that  we  had  had  on  hand  for  some  three  weeks. 
These  were  accepted  by  our  infants,  and  were  greedily  devoured. 
For  from  nine  to  fifteen  days  the  larvse  pass  both  days  and 
nights  in  eating.     They  consume,  in  that  period,  from  five  to 
twenty  spiders,  the  number  being  determined  by  their  size.     As 
we  are  writiug  this,  two  larvse  on  our  table  are  just  entering  the 
cocoon  stage.     One  of  these  has  eaten  six  spiders,  leaving  a 
few  legs,  while  the  other  has  devoured  fourteen  with  the  excep- 
tion of  half-a-dozen  legs  and  the  cephdothoraces  of  two,  but  in 
the  second  case  the  spiders  were  young  and  small,  while  in  the 
first  they  were  nearly  full  grown,  so  that  this  one  is  really  the 
bigger  glutton  of  the  two.     Whether  the  spiders  used  are  large 
or  eanall  depends  primarily  upon  accident.       The  wasp  takes 
whatever  she  happens  to  run  across,  provided  always  that  it  is 


Digitized  by  LjOOQIC 


190  THE  SOLITARY  WASPS. 

not  too  heavy  for  her  to  carry  nor  too  big  to  be  pushed  into  her 
cell.  We  have  not  a  spider  in  our  fauna  that  would  not  fall  a 
speedy  victim  to  our  Pelopneus  should  she  attack  it  When  ex- 
perimenting on  the  mating  habits  of  Attidae,  some  years  ago, 
we  kept  large  numbers  alive  in  our  mating-boxes,  and  we  found 
the  females  of  Phiddipus  tripunctattis  so  vicious  and  powerful 
that  they  had  to  be  kept  in  solitary  confinement  to  prevent  their 
killing  the  other  spiders,  and  yet  our  slender  mud-daubers  used 
these  very  females,  even  when  they  were  full-grown.  The 
small  and  feeble  spiders  then,  are  not  taken  because  they  are 
small  and  feeble  but  because  they  are  so  very  abundant  as  to 
make  them  a  convenient  source  to  draw  from.  All  spider  col- 
lectors know  that  for  each  adult  specimen  taken  in  collecting 
theie  are  at  least  twenty  that  are  immature.  Among  certain 
species  it  is  almost  impossible  to  get  an  adult  specimen  at  certain 
parts  of  the  season  although  the  immature  forms  are  found  on 
every  bush.  In  the  latter  part  of  August  or  early  in  Septem- 
ber the  female  of  A.  riparia  lays  from  five  hundred  to  two 
thousand  eggs.  The  young  spiders  remain  in  the  nest  through 
the  winter,  and  in  the  following  May  begin  to  spin  their  little 
webs  everywhere.  Through  June  and  July  the  mud-wasps  on 
their  hunting  expeditions  meet  them  frequently  and  use  them 
freely.  As  they  grow  larger  and  sci;rcer  other  crops  of  young 
and  common  spiders  take  their  place.  Interpolated  all  through 
the  season,  we  find  the  larger  and  rarer  kinds  in  just  about  the 
proportion  that  they  bear  to  the  smaller  ones  in  nature. 

Fabre^s  chapter  on  "Les  Vivres  du  Pelopfie"  bears  so  strongly 
upon  our  subject  and  is  so  interesting  in  itself  that  it  seems  weU 
to  repeat  some  parts  of  it  here.  He  says  that  so  far  as  discover- 
ing the  method  of  attack  in  Peloptieus  is  concerned  his  efforts 
have  not  been  crowned  with  any  great  measure  of  success.  He 
has  seen  the  wasp  swoop  down  upon  a  spider,  clasp  it,  and  carry 
it  away,  almost  without  pausing  in  her  flight.  Other  hunters 
alight  on  the  groimd,  make  their  fastidious  preparations  sedate- 
ly, and  distribute  the  strokes  of  the  sting  with  the  calm  deliber- 
ation which  a  delicate  operation  demands.  This  one  darts 
down,  seizes  h^  victim  and  departs,  something  after  t^e  manner 
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of  Bemhex.  So  rapid  k  the  abduction  that  it  may  be  presiuned 
that  the  mandibles  and  sting  are  only  used  while  the  wasp  is 
on  the  wing.  This  impetuous  method^  incompatible  with 
learned  surgery,  explains  to  us,  he  thinks,  even  better  than  the 
narrowness  of  her  celk,  the  predilection  of  Pelopaeus  for  small 
spidersE.  A  larger  and  more  powerful  victim  might  put  the 
wasp  in  danger.  The  f  aultiness  of  her  art  makes  a  weak  victim 
necessary  to  her.  We  must  suspect  that  a  spider  so  hastily  and 
carelessly  taken,  may  be  killed. 

As  a  matter  of  fact  careful  and  repeated  scrutiny  of  the  con- 
tents of  these  cells,  when  the  egg  was  not  yet  hatched,  con- 
firms these  suspicions.  There  is  never  any  trembling  either 
of  palpi  or  tarsi,  'md  In  about  ten  days  they  decompose.  This 
then  is  what  is  stored  in  the  cells  of  Pelopaefis,  spiders  dead  or 
nearly  dead.  Is  the  learned  art  of  paralyzing  practiced  by 
Calvmrgus  upon  the  tarantula,  which  keeps  it  fresh  for  seven 
weeks,  unknown  here?  Have  we  here  to  deal,  not  with  a  deli- 
cate operator  who  knows  how  to  abolish  movement  without  de- 
stroying life,  but  with  a  brutal  worker  who  kills  for  the  sake  of 
rendering  the  victim  immovable?  Both  the  withered  aspect 
and  the  rapid  deterioration  of  the  victims  bear  witness  that  this 
is  tlie  truth. 

This,  M.  Fabre  goes  on  to  say,  should  not  surprise  us;  later 
we  shall  see  wasps  giving  instant  death  by  one  stroke  of  the 
sting  with  a  science  not  less  astonishing  than  that  of  the  paral- 
yzers.  We  shall  see  the  motives  which  demand  this  and  we 
shall  recc^nize  under  all  its  aspects,  the  profound  anatomical 
and  physiological  knowledge  which  a  rational  act  would  require 
to  rival  the  unconscious  act  of  instinct.  He  then  adds  that  he 
cannot  even  suspect  the  cause  which  makes  it  necessary  for 
Pelopaeus  to  kill  her  victims  but  that  he  can  easily  understand 
her  logical  method  in  turning  to  account  these  spiders,  menaced 
with  early  decomposition.  In  the  first  place  the  prey  is  mul- 
tiplied in  each  cell.  The  piece  actually  attacked  by  the  larva 
is  soon  a  disoiganized  mass,  likely  to  decay  speedily,  but  it  is 
small  and  is  consumed  before  decompositian  can  advance,  for 
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when  a  larva  once  attacks  a  ^ider  it  does  not  leave  it  for  an- 
other. The  others  then  remain  intact  which  is  enough  to  keep 
them  fresh  during  the  short  period  of  larval  life.  When,  on 
the  contrary^  the  prey  oonsistB  of  a  single  large  piece,  it  is  nec- 
essary that  the  organic  life  should  be  maintained,  and  a  special 
art  must  also  be  observed  in  eating  it.  It  is  well  then  that 
Pelopdeus  is  inspired  to  take  numerous  small  pieces.  The  egg, 
moreover,  is  always  placed  on  the  first  spider  brought  in, 
whether  the  storing  of  the  nest  is  completed  within  a  few  hours, 
or  whether,  as  in  some  oases,  it  occupies  several  days,  and  this 
M.  Fabre  considers  a  very  happy  arrangement 

This  account  of  the  habits  of  Pelapaeus  and  the  explanation 
offered  for  the  several  facts  is  exceedingly  important,  because 
the  French  Pelopnei  differ  from  ours  at  nearly  every  point. 
Ours  kill  only  about  two-thirds  of  their  victims,  many  of  the 
others  being  paralyzed  so  perfectly  that  they  live  for  two  or 
three  weeks.  Again,  ours,  instead  of  placing  the  egg  upon  the 
first  spider,  almost  invariably  lay  it  upon  the  last  one  brought  in. 
Another  point  of  difference  is  that  our  larvee  frequently  eat 
only  a  part  of  a  spider  at  a  time,  returning  to  finish  it  later  on, 
a  rash  and  reprehensible  course  of  action  of  which  their  better- 
taught  French  cousins  are  never  guilty.  When  one  comes  to 
compare  the  two  sets  of  facts  furnished  by  the  two  groups  of 
species  the  deductions  which  Fabre  has  drawn  as  to  the  importr 
ance  of  the  instincts  of  the  French  group  are  seen  to  be  un- 
founded. The  American  species  violate  nearly  every  principle 
which  he  considers  necessary  to  their  existence,  and  yet  they 
flourish  and  multiply.  It  is  just  possible  that  our  learned  au- 
thor has  put  a  trifle  too  much  philosophy  into  his  interpretation 
of  the  actions  of  these  wasps.  For  our  part  we  find  nothing  in 
the  actions  of  Pelapaeus  that  needs  to  be  explained — nothing 
that  is  not  well  adapted  to  the  conditions  under  which  each 
species  works.  The  measure  of  praise  or  blame  which  we  mete 
out  to  these  depredators  is  merely  a  way  of  saying  whether  we 
would  or  would  not  follow  their  methods  in  provisioning  our 
houses  and  rearing  our  children.     Perhaps  we  should   alvmya 
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use  laige  spiders  and  should  always  liave  tliem  f resh,  but  it  is 
evident  that  tastes  diff^  and  the  matter  is  so  purely  a  subjective 
iiff air  that  it  \¥ill  have  to  go  unsettled.  In  any  event  whether 
her  victims  be  strong  or  f eeble^  old  or  young,  big  or  little,  fresh 
or  dry,  they  certainly  serve  admirably  in  enabling  Pelopaeua 
to  rear  brood  after  brood  and  to  people  the  different  parts  of 
the  earth  with  abundant  representatives  of  her  kind. 

If  any  conclusion  can  be  drawn  from  our  observations 
it  is  that  there  is  no  importance  to  be  attached  to  the  number  of 
spiders  stored,  to  whether  they  are  large  or  small,  to  the  plac- 
ing of  the  egg  on  the  first  or  on  the  last  victim,  nor  even  to  the 
state  of  the  spiders,  since  those  that  are  killed  at  once  by  the 
stroke  of  the  beautiful  assassin  serve  their  purpose  just  as  well 
4U9  those  that  are  paralyzed,  and  lie  collapsed  and  powerless,  all 
unconscious  of  their  approaching  fate. 

At  the  close  of  the  period  of  alimentation  the  larva  spins  its 
'Cocoon,  which,  light-colored  at  first,  turns  darker  in  the  course 
of  a  few  days.  Here  it  remains,  perhaps  for  a  few  weeks,  or 
perhaps  until  the  following  spring.  Wien  it  is  ready  to  emergo 
there  exudes  from  its  mouth  a  quantity  of  watery  fluid  which 
serves  to  soften  the  cover  of  the  cell  so  that  it  may  easily  gnaw 
its  way  out  While  watching  a  number  of  young  wasps  both 
of  the  yellow  and  the  blue  species  just  as  they  were  leaving  the 
nest,  and  even  before  their  wings  were  ready  for  flight,  we 
noticed  that  when  touched  they  at  once  attempted  to  sting. 
This  would  seem  to  prove  that  the  stinging  habit  is  congenital 
and  instinctive. 

We  have  made  a  number  of  experiments  on  different  inverte- 
brate animals  to  determine  the  effect  of  the  venom  of  the  wasps 
when  injected  into  different  parts  of  the  body.  Our  first  effort 
was  to  discover  whether  animals  could  be  killed  by  allowing 
them  to  be  stung  several  times  at  a  point  remote  from  the  cen- 
tral nervous  system.  For  this,  we  took  a  small  crayfish,  two 
and  one-half  inches  long,  and  removed  the  first  ambulatory 
leg  at  the  basal  joint,  and  then  held  an  individual  of  Polistes 

fusca  in  such  a  way  that  it  thrust  its  sting  into  the  exposed 
13 
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end  of  the  limb.  Two  stings  were  given  at  eacli  of  which  the 
crayfish  straightened  out  violently.  After  a  few  seconds  the 
legs  relaxed  and  their  tips  began  to  quiver  just  as  we  have  seen 
them  do  in  spiders  found  in  mud-nests.  In  a  moment  the  cray- 
fish became  perfectly  limp  and  remained  lying  either  on  the 
dorsal  or  the  ventral  side,  as  it  was  placed.  From  eleven  in  the 
morning  until  two  in  the  afternoon,  when  it  died,  the  maxi- 
Upedes  and  ambulatory  legs  kept  moving  irregularly.  The 
sting  could  scarcely  have  reached  a  ganglion,  so  that  the  death 
of  the  crayfish  was  due  to  the  diffusion  of  the  poison.  This  ex- 
periment we  repeated  several  times,  substituting  Pelopaeus 
cementariw  in  place  of  Polistes  fusca^  and  always  with  the 
same  results. 

We  next  took  a  large  spider,  E.  strix^  and  breaking  off  lie 
second  leg  at  the  femur  let  the  wasp  sting  it  at  the  point  of  frac- 
ture. This  was  at  nine  o'clock  in  the  morning  and  the  ^ider 
remained  limp  and  unable  to  move  until  five  in  the  afternoon 
when  it  partly  recovered  and  began  to  move  about  with  diffi- 
culty. On  the  following  day  it  still  moved  about  slowly  but 
was  far  from  appearing  normal,  and  on  the  morning  of  the 
third  day  it  was  dead.  On  the  eighth  day  it  was  still  plump 
and  in  good  condition  although  the  sixth  and  seventh  days  had 
been  very  hot,  90°  Fahr. 

On  July  fifteenth  we  let  Polistes  fusca  sting  a  spider,  E, 
Idbyrinthea,  in  the  middle  of  the  upper  surface  of  the  abdo- 
men. The  q>ider  remained  in  a  motionless  state  with  the  legs 
drawn  up,  until  the  next  day,  when  it  died.  On  July  twenty- 
fourth  the  spider  was  shrunken  but  the  legs  were  still  flexible 
and  the  body  soft. 

We  next  let  P.  cementarius  sting  Marptusa  famUiaris 
twice  at  the  spinnerets.  The  spider  was  paralyzed  at  onoe,  all 
the  legs  being  limp  although  they  quivered  at  the  tips,  but  in 
five  minutes  it  recovered  somewhat  and  was  able  to  stagger 
about.  This  continued  for  ten  minutes  when  the  wasp  was  al- 
lowed to  sting  it  again  in  the  same  place  with  the  same  imme- 
diate result  as  before  but  this  time  there  was  no  recovery  and  in 
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thirty  minutes  tbe  spider  was  dead.  We  repeated  this  experi- 
ment with  a  large  ThomimSy  and  with  Dolamedes  tmebrosua 
and  in  botli  cases  the  stinging  resulted  in  death  at  the  end  of 
twenty  hours.  All  of  these  spiders  and  many  others  were  killed 
by  the  genieral  diffusion  of  the  poison  through  the  system  and 
not  by  any  wounding  of  a  ganglion.  When  we  allowed  a 
considerable  amount  of  venom  to  be  injected  death  followed  al- 
most immiediately  but  if  a  smaller  amount  was  used  the  spider 
lived  a  day  or  more. 

One  experiment  was  tried  upon  a  large  caterpillar,  the  sting 
of  our  large  hornet,  Tespa  maeulatay  being  forced  out  and 
pushed  into  the  last  segment,  and  some  of  the  poison  squeezed 
into  the  wound.  The  effect  of  the  venom  was  Immediately 
visible  in  the  posterior  third  of  the  body.  The  anterior  two- 
thirds  moved  normally,  dragging  the  end  of  the  body  along. 
Perhaps  this  worked  the  poison  forward  for  after  a  little  all  the 
anterior  parts  became  affected.  An  hour  later  the  caterpillar 
seemed  slightly  better,  but  on  the  next  day  it  was  so  much  af- 
fected that  it  could  not  turn  over  when  placed  on  its  back,  mov- 
ing only  when  stimulated.  On  the  third  day  it  was  alive  but 
very  sluggish,  moving  slowly  when  toucheil,  and  on  the  fourth 
day  it  died.  This  was  on  the  fourth  of  July.  On  the  seventh 
it  was  still  soft  and  in  good  condition,  but  by  the  eleventh  it 
was  quite  dry. 

A  large  number  of  spiders  that  were  killed  in  our  experi- 
ments were  kept  that  we  might  note  the  time  at  which  decom- 
position began.  We  found  that  on  the  average  they  kept  fresh 
for  ten  or  twelve  days  after  death.  We  had  only  one  which 
began  to  decompose  as  early  as  the  ninth  day,  and  even  in  this 
case  the  spider  was  in  what  a  wasp  larva  would  have  considered 
an  edible  state  three  or  four  days  longer.  All  of  our  experi- 
ments were  in  complete  agreement  with  the  condition  of  things 
found  in  the  nests,  where  many  of  the  spiders  were  alive  when 
first  stored  but  died  from  day  to  day,  and  whether  dead  or  alive, 
plump  or  dry,  were  eaten  eagerly  and  with  apparent  relish. 

The  following  table  shows  for  eleven  nests,  of  which  we  pre- 
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BeTvei  tlie  contents^  the  mte  at  whicli  the  spideis  died.  In  all 
these  inetanoeB  the  nest  had  not  yet  been  closed,  as  in  numbeis 
four  and  eleven,  or  if  closed,  the  egg  had  not  hatched,  show- 
ing that  the  spiders  could  not  have  been  stored  more  than  two 
or  three  days.  Of  eighty-four  spiders  forty-three  died  in  from 
two  to  five  days  while  only  fifteen  lived  from  thirty  to  forty 
days. 


Table  No.  II. 


Showing  the  length  of  life  of  spiders  found  in  wasp 
nests. 


i 

Condi. 

tion 
of  the 
spiders 

when 
found. 

No.  of  days  that  the  spiders  lired  after  nest 
was  opened. 

Bemarks. 

^ 

1 

1 

< 

2 

8 

4 

6 

7 

8 

9 

10 

12 

13 

14 

16 

16 

20 

26 

29 

30 

31 

82 

35 

30 

1 
1 

88 

40 

10 

u 

7 
12 

7 
U 

i 

7 
2 
8 
2 
12 
11 

6 

12 

12 

8 

13 

6 

8 

6 

16 

6 

8 

2 

7 
2 

7 
9 

2 
2 

9 

1 
2 

8 
8 

] 

2 

1 

1 

1 
1 

1 

2 

1 

2 

1 

2 

8 

4 
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1 
1 

8 
1 

1 

1 

•1 
1 

n 

1 

Egg  not  hatched. 
Egg  not  hatched. 
Egg  not  hatohed. 
Neat  not  dosed. 

Egg  not  hatched. 
Egg  not  hatched. 

Egg  not  hatched. 
Rgg  not  hatched. 

Total 

75 

84 

2 

9 

20 

12 

6 

1 

2 

2 

8 

1 

1 

8 

8 

1 

1 

2 

1  Nest  number  1  was  Pelopaeua  cementariiu. 

*  This  spider  was  so  slightly  injnred  that  it  moved  abont  and  moulted  once. 

*  Very  little  hart,  moTed  freely. 

Fabre  has  found  the  nietmibeas  of  the  genus  Pelopaeua  eocoeed- 
ingdy  iminftelligeaDt  and  absolutely  lacking  in  latknal  diaoem- 
ment^*  hut  evideooe  of  quite  another  character  is  found  ia  some 

*AberrationB  de  1'  Instinot*  SouTenirB  Entomologiquea,  Quatridma 
86rie,  ohap.  in. 
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expeffimieailB  made  on  a  mud-doabeir  miaiay  yeaiB  ago  by  Mr.  P.  H. 
Goase,  froon  wbicm  we  quote  the  foUowiiig:* 

''June  30.  I  watched  with  much  interest  the  proceedings  of  a  Ban- 
ber  in  building  her  mnd-cells;  it  is  a  pretty  species  (Pelopaeui  flavipe9). 
She  has  chosen  the  ceiling  of  a  cupboard  in  my  sitting  room,  where, 
prcTionsly  to  my  obserying  her,  she  had  made  one  cell  and  the  half  of 
another  parallel  to  it;  the  former  was  dosed,  the  latter  had  got  its 
contents  of  spiders,  and  only  wanted  closing.   8nch  was  the  status  quo. 

She  then  flew  ofF  and  returned  with  a  similar  load,  whicH  she  ap- 
plied upon  the  last  to  make  it  thicker.  When  she  was  gone  the  third 
time,  in  order  to  observe  her  behavior,  I  thrust  the  head  of  a  pin 
through  the  newly  laid  mortar,  opening  a  hole  into  the  celL  On  her 
return,  she  at  once  perceived  the  hole,  and  deposited  her  lump  upon 
it,  spreading  it  about  as  before.  I  played  her  the  same  trick  several 
times,  at  all  of  which  her  proceedings  were  the  same,  save  that  at 
length  she  seemed  to  become  very  angry  and  endeavored  to  catch  the 
house  flies  that  were  flying  and  crawling  near.  I  have  no  doubt  that 
she  suspected  them  of  having  a  hand  in  it.  At  all  events,  rhe  jimiped 
at  them  very  snappishly  whenever  they  came  near,  and  sometimes 
even  vHth  the  load  in  her  mouth,  but  I  did  not  see  that  she  caught 
one.  Once,  too,  a  large  Ichneumon  was  lurking  about,  at  whom  she 
fiercely  flew,  and  I  think  they  had  a  short  struggle.  At  times  she 
would  linger  at  a  little  distance,  after  depositing  her  load,  apparently 
hoping  to  catch  the  insidious  house-breaker,  'in  the  manner'  as  law- 
yers say. 

''At  length  I  broke  ofF  a  large  piece  from  the  side  and  bottom  of  the 
old  part,  exposing  the  spiders  to  view;  this,  however,  she  speedily 
built  up  as  before,  at  two  or  three  loads,  adding  to  the  standing  part 
all  around  the  hole,  and  not  at  one  side  only.  After  this  I  did  not  put 
her  indMstry  to  the  task  any  more,  but  suffered  her  to  finish  her  work, 
which  she  did  by  adding  another  layer  or  two  to  the  end.  I,  however, 
made  a  hole  in  the  first  cell,  which  was  quite  hard  and  diy,  to  see  if 
she  would  observe  it,  which  she  did  at  once,  and  clapped  her  load  of 
mortar  o*^  it.  I  noticed  that  while  working,  though  the  wings  were 
closed  incumbently,  she  kept  up  a  shrill  buzz,  like  that  of  a  bee  when 
held  in  the  fingers;  her  -^ntennae,  which  were  usually  -Trried  nearly; 
straight,  were  during  the  plastering  curled  up  and  conti?>''"vlly  «*Ibra^- 
ing  and  moving  on  the  surface  of  the  work,   evidently  trying  it  by 

^Letters  from  Alabama  on  Natural  History,  London,  1859,  pp.  239- 
841. 
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touch,  which  seemed  to  me  adverse  to  the  theory  that  calls  the  anten- 
nae 'ears.*  In  seeking  her  materials,  she  was  gone  often  more,  never 
less  than  a  minute,  and  always  brought  a  lump  similar  in  appearance, 
which  was  invariably  carried  in  the  jaws,  without  any  aid  from  the 
feet. 

"The  Dauber  built  another  cell  today,  on  the  other  side  of  the  first, 
which  is  now  therefore  in  the  middle.  I  again  pestered  her  by  sticking 
a  small  tin  tack  in  the  newly  laid  mud,  just  where  she  would  have  to 
deposit  the  next  load.  When  she  came,  she  appeared  quite  bothered; 
she  ran  back  and  forward,  and  round  and  round  over  the  cells  for 
some  time  with  the  mud  in  her  jaws,  as  if  at  a  loss  what  to  do  in  so 
novel  an  exigency.  It  was  a  different  case  from  the  former;  a  hole 
could  be  stopped  up,  but  here  was  an  intruding  substance  just  where 
she  wanted  to  deposit;  should  she  lay  it  on,  the  incumbrance  would 
be  more  firmly  imbedded;  should  she  place  it  elsewhere,  it  would  be 
wasted,  not  being  needed,  or  perhaps  be  positively  injurious;  should 
she  attempt  to  remove  the  evil,  her  mouth  was  occupied,  and  she  was 
unwilling  to  lose  her  burden.  At  length,  however,  as  the  least  of  the 
evils,  she  seized  the  tack  with  her  jaws  and  drew  it  out,  dropping  her 
mud  in  the  effort.  When  she  was  away  the  next  time,  I  bundled  up 
a  worsted  thread,  and  pressed  it  on  the  soft  work,  which  presented  a 
still  more  serious  obstacle,  as  she  could  seize  only  a  small  part  of  it 
which  would  yield  without  coming  away;  however,  by  taking  hold  of 
several  parts  of  it  successively  and  tugging  at  them  for  a  long  time 
and  by  walking  round  and  round  with  it  in  her  mouth,  she  at  length 
got  it  out.  These  instances  of  sagacity  and  perseverance  greatly 
pleased  me.  After  laying  on  the  load,  she  always  cleans  her  antennae 
v^ith  her  fore  feet,  and  her  feet  v^th  her  jaws;  on  arriving  she  never 
alights  at  the  nest,  but  always  on  the  inside  of  the  cupboard-front 
and  crawls  along  the  ceiling  to  it.** 

Summary. 
Our  PelopneuSy  then,  builds  her  nests  of  plain  mud,  in  shel- 
tered places.  The  food-supply  of  the  larva  consists  of  a  vari- 
able numbers  of  spideiB,  a  few  if  large  ones  are  taken,  many  if 
they  are  small.  Size,  sex,  and  kind  are  unimportant,  the  wasp 
showing  the  greatest  variation  in  these  matters,  probably,  in- 
deed, taking  the  first  thing  that  comes  in  her  way.  li  the 
weather  is  fine  the  work  of  building  and  |  rovisioning  is  com- 
pleted in  one  day.  Her  ^kill  in  the  use  of  the  sting  is  all  that  is 
required  for  her  purpose  which  is  rather  to  overcome  any  resist- 
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ance  that  she  may  enoaunter  than  to  paralyze  the  epider  and 
thiiB  keep  it  fresh.  To  her  it  is  a  matter  of  indifference  whether 
the  spiders  are  killed  or  paralyzed,  and  either  result  may  fol- 
low. The  examination  of  cells  recently  provisioned  shows  that 
while  most  of  the  spiders  are  dead,  many  of  them,  although 
motionless,  are  alive  and  will  respond  to  stimulation  by  a  quiv- 
ering of  the  tips  of  the  legs.  These  living  spiders  die  from 
day  to  day,  the  death  rate  depending  upon  the  amount  of  poison 
that  has  been  injected.  It  is  probable  that  the  spiders  are 
usually  stung  in  the  under  side  of  the  cephalothorax.  We  base 
this  opinion  upon  what  we  ourselves  have  seen  and  also  upon 
the  fact  that  many  of  the  Pelopaei  take  spiders  of  the  genus 
Onsteracanthay  in  which  this  is  the  only  part  soft  enough  to  be 
penetrated,  all  the  rest  of  the  spider  being  enclosed  in  homy 
plates;  and  it  is  commonly  the  fact  that  among  the  solitary 
wasps  all  the  members  of  a  group  sting  their  victims  in  the  same 
way. 
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CHAPTER  XV. 

EXTRACTS    FROM    MAROHAL'S    MONOGRAPH    ON    CERCERIS 

ORNATA. 

The  memair  of  Paul  Marchal  on  Cereeris  ortiata*  contains 
BO  much  that  is  of  interest  that  a  series  of  short  quotations  from 
it  would  quite  fail  to  give  an  idea  of  the  thoroughness  of  the 
work  upon  which  it  is  based  and  of  the  importance  of  the  re- 
sults. We  therefore  take  the  liberty  of  transcribing  freely  a 
considerable  part  of  the  paper. 

The  nest  of  the  wasp  consists  of  a  tortuous  gallery  from 
which  lead  a  number  of  rounded  cells.  In  each  of  these  is  de- 
posited an  egg  with  enough  bees  of  the  genua  Halyctus  to  nour- 
ish it  through  the  larval  stage.  The  provisioning  of  one  cell 
is  completed  before  that  of  another  is  begun,  so  that  in  a  single 
nest  there  may  be  found  one  cell  partly  provisioned,  one  with 
an  egg  and  others  in  different  stages.  The  egg  is  placed  diago- 
nally on  the  ventral  face  of  the  thorax.  A  single  cell  contains 
a  variable  number  of  victims — some  seven  or  eight,  others  four 
or  five.  Probably  those  of  a  small  number  are  destined  for  the 
males.  The  species  of  Halyctus  used  are  numerous,  and  male 
bees  are  often  found  among  the  victims,  some  cells  having  noth- 
ing else. 

Cereeris  omata  is  one  of  those  wasps  that  are  not  disturbed 
by  artificial  conditions.  "When  placed  with  a  bee  under  a  bell- 
glass  her  method  may  be  studied  in  detail.  It  is  only  necessary 
to  have  patience — in  a  quarter  or  half  an  hour  she  comes  near 
Halyctus  and  engages  in;  combat.     If  one  has  laid  in  a  sufficient 

*Etude  Bvar  Tlnstinct  du  Cereeris  amaia,  Archiyes  de  Zoologie  Ezp6i> 
imentale    et  Gte^rale,  Deuxi^xne  S€rie,  Tome.  Cinquidme,  18S7. 
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supply  of  bees  lie  may  continue  to  assist,  as  long  as  lie  Tnslies,  at 
the  manoeuvre  of  Cerceris.  It  is  not  even  necessary  to  take  the 
wasp  with  her  victim;  it  is  enough  to  shut  in  together  an  Halyo- 
tu8  and  a  female  CerceriSy  always  with  the  condition  that  the 
latter  has  been  captured  while  hunting.  "Five  successive 
times,"  says  Marchal,  "I  saw  Cerceris  return  to  the  assault  and 
recommence  the  same  manoeuvre  on  the  unhappy  bee.  To 
speak  truly  the  immediate  result  obtained  by  this  succession  of 
operations  did  not  appear  to  me  to  ccrrespond  with  the  energy 
employed,  and  after  the  fifth  operation  the  immovability  was 
scarcely  greater  than  after  the  fii-st.  Moreover  the  one  which 
received  the  assault  five  times,  taken  at  two  o'clock,  still  moved 
its  1^  the  next  morning  after  the  abdomen  was  excited;  this 
is  precisely  what  resulted  from  a  single  operation." 

The  instinctive  act  of  CerceriSy  then,  may  be  considered  a 
reflex  due  to  the  sight  of  the  bee  and  able  to  be  accomplished 
an  indefinite  number  of  times  so  long  as  the  wasp  is  in  chase. 

At  the  moment  of  capture  Cerceris  seizes  the  bee  brusquely^ 
clasping  the  anterior  part  of  the  body  with  her  mandibles.  Her 
recurved  abdomen  darts  the  sting  into  the  neck  at  the  articula- 
tion of  the  head  and  thorax,  the  stroke  being  given  vigorously 
as  though  it  were  of  capital  importance.  For  a  few  moments 
the  two  combatants  roll  on  the  ground;  one  or  two  quick  strokes 
are  given  under  the  thorax,  principally  between  the  prothorax 
and  the  mesothorax,  and  the  bee  becomes  motionless;  then 
Cerceris  holds  her  victim  face  to  face  with  her,  looks  at  it  a  few 
seconds,  and  turns  it  around  so  as  to  bring  the  neck  opposite  her 
mandibles.  The  bee  being  thus  adjusted  the  wasp  proceeds  to 
dig  at  the  nape  of  the  neck,  squeezing  it  for  from  two  to  four 
minutes.  This  process  is  usually  performed  within  the  nest, 
and  it  is  noticeable  that  Cerceris^  after  the  malaxation,  does  not 
drag  her  bee  by  an  antenna  as  she  would  do  if  the  operation 
usually  preceded  the  entrance  into  her  hole.  On  the  other 
hand  the  wasp  sometimes  gives  the  strokes  with  her  sting  and 
then,  not  proceeding  to  malaxation,  at  once  begins  to  drag  the 
bee  as  if  seeking  to  regain  the  nest. 
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Marchal  does  not  agree  with  Fabie  in  his  belief  that  wasps 
are  endowed  not  only  with  tools  but  with  the  method  of  udng 
them,  the  gift  being  original,  perfect  from  the  beginning,  not 
modified  by  past  or  future.  The  action  of  Cerceris  does  not 
imply  any  mysterious  science.  She  runs  the  end  of  her  abdo- 
men along  the  imder  surface  of  the  thorax  of  the  bee  and  stings 
at  the  division  of  the  segments — that  is  at  the  points  where  the 
sting  can  enter.  The  order  in  which  the  strokes  are  given  is 
very  variable,  and  if  the  neck  is  protected  by  gum-arabic,  so 
that  it  is  impervious,  the  stings  between  the  pro-  and  mesothorax 
give  juat  the  same  result  All  that  is  necessary  is  that  the 
sting  shall  reach  the  line  of  nervous  matter  that  runs  along  the 
ventral  face  of  the  thorax.  As  a  matter  of  fact  it  does  not 
touch  the  ganglia,  but  enters  just  half  way  between  them.  The 
distance  is  small  and  the  poison  quickly  reaches  the  nervous 
centers.     (PI.  X.  fig.  4.) 

The  order  in  which  the  stings  are  given  is  variable.  We 
may  consider  that  there  are  four  classes: 

In  class  A.  the  sting  is  given: 

1st,  at  the  neck. 

2nd,  at  the  articulation  of  the  prothorax  and  the  mesothorax. 

3rd,  at  the  neck. 

In  class  B.  it  is  given: 

Ist,  at  the  neck. 

2nd,  at  the  articulation  of  the  prothorax  and  the  mesothorax. 

In  class  C.  it  is  given: 

1st,  at  the  neck. 

2nd,  at  the  articulation  of  the  prothorax  and  the  mesothorax. 

3rd,  behind,  toward  the  origin  of  the  abdomen. 

In  class  D.  it  is  very  probably  given  in  a  considerable  num- 
ber of  cases,  either  only  in  the  articulation  of  the  prothorax  and 
the  mesothorax,  or  only  in  the  neck. 

Cerceris  is  far  from  using  the  exquisite  method  of  malaxa- 
tion  followed  by  Sphew^  as  described  by  Fabre.  She  is  on  the 
contrary,  quite  brutal.     She  pricks  and  squeezes  the  neck  of  the 
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Tictim  and  then  licks  ofi  the  juice  that  exudes.  All  the  bees 
that  have  undergone  this  operation  have  the  neck  cut,  some  on 
the  median  line,  some  on  both  mdes.  The  supposition  that  Cer- 
cerig  proceeds  differently  with  the  bees  which  are  destined  to 
feed  the  larvse,  perhaps  not  malaxing  them  at  all,  or  only  deli- 
<3ately,  proves  to  be  incorrect,  since  half  the  bees  that  were 
taken  from  nests  showed  marks  of  being  cut  The  other  half, 
upon  which  no  sign  of  a  wound  was  visible,  had  probably  re- 
oeived  lesions  which  resulted  in  death  after  a  brief  delay.  Of 
five  bees  taken  from  nests  where  the  egg  had  not  yet  hatched 
three  days),  only  one  responded  to  stimulation  of  the  electric 
three  days),  only  one  responded  to  stimulation  of  the  electric 
current  by  flexing  the  anterior  legs  at  the  moment  that  it  was 
applied,  the  others  giving  no  reaction.  Moreover  of  three 
taken  from  a  nest  not  yet  fully  provisioned  one  gave  no  response 
to  the  electric  current. 

These  facts  show  that  the  instinct  of  the  Sphecidde  may  well 
have  been  derived  from  the  struggle  for  existence.  If  Cerceria 
paralyzes  Halyctus  it  is  partly  in  her  personal  interest,  that  she 
may  perform  the  makxation  at  her  ease.  Does  not  the  instinct 
of  all  these  wasps  to  paralyze  their  prey  for  the  benefit  of  beings 
which  they  do  not  know,  since  they  are  still  in  the  egg, — ^which 
they  can  never  know,  since  they  will  die  before  the  young  hatch 
outj  which,  by  a  series  of  well  ordered  acts  assures  the  propa- 
.gation  of  the  race  without  the  insect  having  the  least  knowl- 
edge of  the  aim  to  be  reached;  does  not  this  instinct  appear  bet- 
ter than  any  other  so  to  unite  all  the  conditions  that  it  will 
serve  for  an  argument  of  the  partisans  of  the  supernatural  in 
Nature?  and  yet  we  see  that  in  the  actual  case  the  instinct  can 
be  brought  back  to  the  most  natural  thing  in  the  world — ^indi- 
vidual interest  and  preservation  of  the  individual.  It  may  be 
that  other  original  causes  have  presided  over  the  evolution  of 
the  instincts  of  the  solitary  wasps,  but  while  we  wait  for  new 
facts,  to  suppose  such  causes  would  be  to  make  a  useless  hypoth- 
^esis. 
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State  of  the  Victims. 

When  Cerceris  abandons  her  yictim,  after  -malaxatian,  it 
presents  disordered  moTements  in  all  its  members;  incapable  of 
taking  a  step,  it  rolls  on  its  back  when  one  sets  it  on  its  legs; 
the  mandibles  are  immovable  and  the  antennss  nearly  so.  Spon- 
taneous movement  ceases  about  ten  hours  after  malaxation,  but 
even  now  a  light  excitation  of  the  abdomen  leads  to  a  moder- 
ately lively  reaction  in  the  posterior  legs. 

During  all  the  time  that  this  partial  paralysis  lasts  the  tarsi 
are  animated  with  movements  of  oscillation  which  are  quite 
rapid  at  the  beginning  and  which  diminish  at  the  end.  These 
oscillations  last,  usually,  longer  in  the  posterior  legs  than  in  the 
anterior.  The  nervous  center  which  presides  over  their  move- 
ments is,  in  fact,  further,  from  the  point  pricked  by  the  sting. 

Out  of  eight  individuals,  seven  no  longer  presented  the  least 
movement,  either  spontaneous  or  provoked,  twenty-four  hoins 
(and  less  than  that  for  some  of  them),  after  the  operation.  The 
other  one  presented  no  movement  forty-eight  hours  after.  It 
is  rare  that  the  movements  persist  so  long  as  this.  Even  by  elec- 
tricity it  often  is  impossible,  in  less  than  twelve  hours  after  the 
cessation  of  movement,  to  bring  back  the  least  trace  of  irrita- 
bility. Thus  the  operation  performed  by  Cerceris  has  the 
effect  of  plunging  the  victim,  after  a  brief  delay,  into  a  state 
absolutely  comparable  with  death. 

Now  what  is  the  rdle  of  the  sting  and  what  the  rdle  of  the 
malaxation? 

To  learn  this  some  bees  were  taken  from  Cerceris  as  soon  as 
they  had  been  stung,  at  which  point  they  fall  into  a  state  of 
complete  immovability,  only  the  extremity  of  the  abdomen 
being,  from  time  to  time,  lightly  agitated.  This  state  lasts  only 
a  few  instants,  scarcely  a  minute;  soon  the  movements  of  oscilla- 
tion begin,  appearing  first  in  the  posterior  legs;  some  seconds 
later  the  intermediate  tarsi  begin  to  move;  then  the  anterior 
tarsi;  a  little  later  a  jerky  movement  of  the  anterior  legs  and  of 
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the  antennsB  announceB  the  reawakening^  and  in  about  three 
minutes  the  poeterior  legs  move  about  in  a  disordered  way. 
The  insect  then  begins  to  come  out  of  its  general  numbness  and 
finds  itself  in  just  about  the  same  state  as  a  bee  which  has  just 
been  subjected  to  malaxation.  N^ow  since  malaxation  lasts  just 
three  minutes  it  would  seem  that  this  process  adds  nothing  to 
the  sting,  but  it  is  only  necessary  to  compare  a  series  of  bees 
which  have  been  subjected  to  it  with  one  which  has  not,  to  be 
convinced  that  this  is  not  true. 

Half  an  hour  after  the  operation  the  bee  which  has  not  had 
malaxation  has  recovered  to  the  point  of  vibrating  its  wings  rap- 
idly; its  legs  move  quickly,  its  antennse  are  mobile,  and  the  in- 
sect presents  its  ordinary  appearance,  even  taking  some  steps  but 
soon  polling  on  its  back.  This  state  of  relief  from  numbness 
progresses  for  three  hours.  In  two  hours  it  turns  its  Lead  right 
and  left,  moves  its  antennse,  even  tries  to  bite  with  its  mandi- 
bles. These  movements  are  not  automatic  but  volimtary.  It 
tries  to  fly  but  cannot  leave  the  earth. 

In  the  meantime  in  the  bee  that  was  submitted  to  malaxation 
the  state  of  torpor  persists  and  only  changes  to  become  more 
complete.  The  movements  show  a  suppression  of  all  that  is 
voluntary.  The  only  trace  of  co-ordination  is  that  it  frequently 
strokes  its  flanks  and  its  legs  with  the  posterior  legs  as  if  to  rub 
off  pollen.  This  suppression  of  the  will  is  the  result  not  of  the 
compression  of  the  neck  but  of  the  loss  of  nourishing  juices  re- 
sulting from  the  hemoirhage  of  the  great  dorsal  vessel 

Betuming  to  the  bee  that  has  not  been  malaxed,  we  find 
that  the  movements  persist  with  a  certain  intensity  up  to  the 
fourth  hour  and  then  diminish  and  finally  disappear.  The  table 
shows  that  movement  persists  much  longer  :n  this  class  than  in 
the  other. 

Out  of  eight  bees  that  were  subjected  to  malaxation  after 
stinging: 

7  ceased  to  move  the  first  day  after  operation. 

1  ceased  to  move  the  second  day  after  operation.  .  j 
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Out  of  eight  beee  that  were  subjected  to  stinging  without 
mfilaxation: 

1  ceased  to  move  the  first  day. 

2  ceased  to  move  the  second  day. 

3  ceased  to  move  the  third  day. 
1  oeased  to  move  the  sixth  day. 

1  ceased  to  move  the  twelfth  day. 

In  one  case  in  which  there  was  no  malaxation  the  state  of 
paralysis  was  truly  remarkable,  quite  comparable  to  that  which 
M.  Fabre  has  described  with  the  Guroulwmdae  of  another 
Cerceris.     He  details  are  as  follows: 

The  third  day  after  the  sting  the  oscillations  of  the  tarsi  per- 
sisted in  a  constant  manner;  the  posterior  l^s  reacted  strongly 
whenever  one  excited  the  abdomen;  the  antennae  were  easily  ex- 
cited.    The  fourth  and  fifth  days  gave  the  same  symptoms. 

On  the  sixth  day  f  seoes  were  passed. 

On  the  seventh  the  osciUations  persisted,  the  antennse  being 
always  half  raised  when  the  abdomen  was  excited;  the  posterior 
legs  did  not  react,  but  the  abdominal  extremity  was  recurved. 
Ffleoes  were  passed. 

On  the  eighth;  ninth,  tenth,  and  eleventh  days  the  oscillations 
of  the  tarsi  persisted,  rhythmically,  with   strong   accentuation. 

On  the  twelfth  day  in  the  morning,  the  oscillations  of  the  in- 
termediate tarsi  were  plainly  much  weaker  than  in  the  anterior 
tarsi,  while  those  of  the  posterior  tarsi  persisted  with  a  good  deal 
of  vigor.     By  evening  the  oscillations  of  the  tarsi  had  ceased. 

On  the  eighteenth  day  the  tarsi  broke  off  showing  that  desic- 
cation had  begun.  Cerceris^  then,  can  paralyze  its  prey  and 
can  plunge  it  into  a  state  of  torpor  which  lasts  fifteen  days, 
giving  the  larva  fresh  and  living  food. 

An  effort  was  made  to  get  malaxation  without  stinging,  but 
Cerceris  would  not  go  on  to  this  part  of  the  treatment  until 
the  bee  had  been  rendered  motionless  by  the  sting.  When  the 
sting  was  cut  off,  she  used  the  abdomen  as  if  stinging,  trying 
again  and  again  as  this  failed  to  produce  the  desired  result^  and 
finally  letting  the  bee  escape.      The   real   object  of  the  sting, 
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then,  is  to  render  the  bee   motioiileee  eo  that  it  can  be  conyen- 
iently  handled. 

Conclusions. 

1,  The  effect  of  the  sting  is  to  produce  inhibition;  this  per- 
mits Cerceris  easily  to  carry  the  bee  into  her  hole. 

2.  Inhibition  ceases,  but  the  nervoTiB  system  has  been  so  in- 
jured that  the  insect  does  not  recover.  Still  motion  may  per- 
sist for  a  long  time  if  there  has  been  no  malaxation. 

2.  Malaxation  by  the  effusion  of  blood  which  it  produces, 
and  also  by  the  lesion  of  the  nervous  chain,  strikes  a  fatal  blovr 
at  voluntary  movement,  and  leads  to  the  suppression  of  animal 
life  in  about  twenty-four  hours. 

State  of  Preservation  of  Victims. 

Fabre  has  preserved  the  beetles  of  a  Cerceris  for  more  than 
a  month  without  their  losing  their  freshness.  The  crickets  of  the 
yellow-winged  Sphex  were  preserved  for  a  month  and  a  half, 
and  the  victims  of  another  Sphex  for  two  or  three  weeks.  Move- 
ments, either  voluntary  or  provoked  by  electricity,  betrayed  the 
presence  of  life.     Fabre's  conclusions  are  as  follows: 

1.  Vegetative  life  is  preserved  for  several  weeks  after  a  sting 
from  one  of  these  Spheddae. 

2.  The  preservation  of  the  vegetative  life  is  necessary  to  the 
larva. 

Are  these  conclusions  applicable  to  Cerceris  omatai  The 
bees  which  have  been  stung  and  malaxed,  when  put  into  paper 
comets,  dried  up  at  once.  The  muscles  were  entirely  dry,  like 
parchment,  in  five  or  six  days. 

Those  which  had  been  only  stung  did  not  dry  so  quickly,  and 
sometimes  eight  or  ten  days  after  movement  ceased  the  muscles 
were  still  easily  dissociable.  These  results  demonstrate  that  the 
result  of  the  complete  operation  is  speedy  deatL 

The  bees  which  were  taken  from  nests  never  dried  up  so 
quickly  as  those  which  were  operated  on  artificially,  being  killed 
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by  chloroform,  by  pricking  them  between  the  pro-  and  meeo- 
thorax,  by  decapitation  or  other  means. 

Resume  of  Observations  on  Fifteen  Nests. 

When  the  bees  are  taken  from  freshly  provisioned  nests  be- 
fore the  egg  has  hatched  the  muscles  may  remain  fresh  until 
the  eighth  day  or  even  to  the  ninth  or  longer,  but  in  some  cases, 
all  other  things  being  equal,  dryness  appears  on  the  fifth  day, 
and  is  complete  on  the  seventh.  Out  of  thirteen  cases  four  were 
completely  dry  on  the  eighth  day.  The  bees  which  were  caught 
and  killed  began  to  dry  at  once  and  dryness  was  usually  com- 
plete on  the  fifth  day. 

AndrenaCy  which  are  sometimes  found  in  the  nests,  were 
given  to  Cerceris  instead  of  HalyctuSy  with  the  result  that  they 
always  dried  more  rapidly  (in  four  or  five  days.) 

Finally  the  contents  of  each  of  some  freshly  provisioned  nests 
have  been  separated  into  two  parts,  one  of  which  was  submitted 
for  five  minutes  to  the  vapor  of  chloroform  in  a  tightly  corked 
flask  while  the  other  remained  intact  Those  that  had  been 
chloroformed  did  not  dry  more  quickly  than  the  others.  In 
^me  oases  the  chloroformed  ones  were  still  fresh  when  the 
jthers  were  perfectly  dry.  This  experiment  goes  to  show  that 
a  good  part  of  the  bees  are  really  dead.  One  may  object  that 
they  are  in  a  state  of  numbness  analogous  to  hibernation,  and 
that  as  they  are  scarcely  breathing  they  are  not  affected  by  chlo- 
roform. Possibly  this  objection  is  well  founded  but  it  is  none 
the  less  true  that  this  state  of  numbness  is  of  very  short  dura- 
tion, sometimes  scarcely  pereeptible. 

The  bees,  then,  are  not  preserved  for  a  month  and  a  half. 
They  die  in  ten  days  or  even  in  a  shorter  time. 

Bees  are  sometimes  found  in  the  cell  occupied  by  the  larva  of 
CerceriSy  which  have  plainly  been  dead  a  long  time  although 
they  appear  intact  and  show  no  lesion  attributable  to  the  larva. 
The  length  of  time  that  it  takes  the  larva  to  develop  is  not 
known.  The  ^gs  which  have  been  found  fastened  to  bees  have 
not  hatched  or  have  hatched  and  then  died.     One  of  these  eggs 
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hatched  on  the  fourth  day.  At  other  times  rather  big  larvce 
have  been  kept  for  three  or  four  days  before  they  spun  their 
cocoons.  Thus  we  have  a  TninimuTn  of  eight  days  for  develop- 
menty  and  we  have  seen  that  the  bees  sometimes  dry  up  in  five 
days.  It  is  then  almost  certain  that  the  larvae  of  Cerceris  often 
have  to  eat  bees  which  are  already  dead.  It  would  be  interest- 
ing to  see  if ,  as  the  instinct  of  the  wasp  brcomes  more  perfect^ 
the  time  necessary  for  the  development  of  the  larva  becomes 
longer,  as  Darwin  would  doubtless  have  thought  probable. 

As  has  been  seen,  we  are  far  from  finding  such  masters  in  the 
art  of  paralyzing  as  Fabre  did.  Moreover,  there  is  much  varia- 
tion both  in  method  and  in  results.  Are  these  signs  of  perfection 
of  instinct?  No.  Cerceris  omato,  from  the  point  of  view  of  in- 
stinct, seems  to  be  a  transitory  type  between  the  butcher  wasp 
and  the  paralyzing  wasp  (speaking,  now,  only  of  instinct,  and 
not  of  the  line  of  descent.)  The  butcher  wasp  kills  and  cuts 
up  its  victim,  eating  what  it  wants  and  carrying  the  rest  to 
the  larva.  The  paralyzing  wasp  is  the  one  that  has  no  individ- 
ual interest  in  its  prey,  as  Sphex  or  Ammophila.  Between 
these  types  we  may  put  Cerceris  omatay  and  Chlarion  contr 
pressum  which  provisions  its  nest  with  cockroaches  from  which 
the  wings  and  legs  have  been  cut  off,  certain  Pompiliddey 
which,  according  to  Goureau,  cut  the  l^s  from  the  spiders 
which  they  capture,  and  PMUmthus  apivoruSy  which,  according 
to  Fabre,  squeezes  the  bee  to  make  it  give  up  its  honey  (after 
paralyzing  it),  and  many  other  cases  which  show  various  shades 
of  evolution  of  instinct 

Errors  of  Instinct. 

While  Cerceris  was  away  hunting,  some  dry  sand  was  thrown 
into  the  nest  and  the  entrance  was  then  stopped  with  damp  sand. 
She  returned  laden  with  prey,  and  seeing  herself  forced  to  re- 
sume the  profession  of  a  miner,  abandoned  her  victim,  cleared 
the  entrance,  penetrated  within,  came  out  again,  and  flew  off  in 
U 
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aearch  of  new  prey.*  After  two  Buoceerive  trips  she  penetrated 
a  third  time  into  her  dwelling  and  began  to  reject  the  dry  sand 
which  had  been  thrown  in.  In  the  midst  of  this  sand  was  a 
bee.  It  was  evident  that  in  one  of  the  trips  that  we  had  seen 
her  mako  she  could  not  reach  directly  to  the  cell  which  she 
was  provisioning  and  dropped  the  victim  at  the  place  where  she 
had  to  stop.  Presently  the  wasp  flew  away.  The  hours  passed 
on,  and  she  returned  without  a  bee,  entered  and  threw  out  the 
other  one  which  she  now  considered  an  encumbering  object 
Thus  of  two  victims  which  were  procured  with  great  trouble, 
one  was  abandoned  on  the  threshold,  and  the  other  was  dropped 
half  way  in — ^neither  served  as  food  for  larvae.  What  of  that? 
Cerceris  had  given  the  sting — that  was  enough. 

At  another  time  a  nest,  one  of  the  cells  of  which  was  not  en- 
tirely provisioned,  was  destroyed  at  evening.  On  the  next 
morning  Cerceris  brought  a  newly  stung  bee  and  placed  it  in 
the  hole.  On  the  following  day  die  came  again,  charged  with 
prey,  and  dropped,  her  bee  which  rolled  to  the  bottom  of  the  ex- 
cavation. She  had  not  brought  the  full  number  for  provision- 
ing the  nest.  Instinct  commanded  her  to  bring  them,  and  she 
obeyed,  but  not  knowing  where  to  put  them,  let  them  fall. 

These  things  show  the  astonishing  force  with  which  a  habit> 
once  acquired,  fixes  itself  in  the  brain,  of  an  insect,  and  is  trans- 
mitted from  generation  to  generation.  It  is  precisely  this  which 
constitutes  instinct  and  it  is  difficult  to  see  how  these  facts  can, 
as  some  authors  would  wish,  make  us  believe  that  insects  are 
incapable  of  acquiring  habits,  which,  growing  stronger  and 
stronger,  are  substituted  littie  by  little  for  old  ones.  In  a  word, 
it  is  difficult  to  see  how  any  one  can  find  in  them  any  proof  of 
immutability  of  instinct 

^ur  P,  punetattUt  under  similar  circumstances,  dropped  the  bee 
while  she  cleared  the  entrance  but  then  picked  it  up  and  took  it  in. 


Digitized  by  LjOOQIC 


THE  SENSE  OF  DIRECTION  IN  WASPS.  211 


CHAPTER  XVI.  .^v 

ON  THE  SENSE  OF  DIRBCmON  IN  WASPS. 

PL  IX.,  fig.  6;  PI.  Xn.,  fige.  1—4. 

Much  of  a  highly  speculative  character  has  been  written  upon 
the  homing  faculty,  and,  in  lieu  of  a  better  explanation  of  cer- 
tain facts,  animals  and  certain  tribes  of  men  Have  been  supposed 
to  possess  a  sense  of  direction  that  -was  so  far  independent  of 
experience  and  instruction  as  to  be  instinctive,  and,  oonsequenlh 
ly,  to  a  very  high  degree  unerring.  Mr.  Darwin  when  con- 
sidering this  matter  in  relation  to  bees  and  wasps,  suggested  that 
they  kept  their  course  by  a  process  of  dead  reckoning,  every 
turn  that  was  taken  in  their  excursions  being  noted  and  remem- 
bered, but  Fabre,  after  testing  this  suggestion  by  experiments, 
concluded  that  the  f aicts  could  not  be  explained  in  this  way.  Sir 
John  Lubbock  and  Eomanes  have  also  made  interesting  observa- 
tions on  this  subject  which  tend  to  confirm  Pabre. 

In  a  former  paper,  on  the  social  wasps,  we  narrated  a  number 
of  experiments  which  we  had  made  to  determine  whether  wasps 
could  find  their  way  back  to  the  nest  when  they  had  been  car- 
ried to  a  distance.  These  experiments  served  to  show  that  the 
insects  returned  to  their  home  tmless  they  had  been  taken  so  far 
away  that  the  over-looked  country,  as  they  circled  higher  and 
higher,  presented  no  familiar  object  to  their  view.  With  the 
solitary  wasps  we  have  attacked  the  problem  from  the  other  end. 
In  our  earlier  studies  we  observed  what  they  did  in  attempting 
to  return  to  the  nest;  in  the  later  ones  we  have  watched  them 
when,  after  making  a  nest,  they  prepared  to  leave  it  to  go  out 
into  the  fields  or  woods  in  search  of  food  or  prey,  thinking  that 
the  procedure  of  different  species  under  these  circumstances 
would  afford  a  clue  to  the  faculty  upon  which  they  depended  to 


Digitized  by  LjOOQIC 


212  THE  SOLITARY  WASPS. 

find  their  way  about.  K  they  were  f umifihed  with  an  innate 
sense  of  direction  they  would  not  need  to  make  a  study  of  the 
locality  of  the  neet  in  order  to  find  the  way  back,  but  if  they 
were  without  this  sense  it  would  be  only  common  prudence  to 
take  a  good  account  of  their  bearings  before  going  far  afield. 
The  minute  and  careful  study  of  such  small  matters  may  not 
be  so  pleasant  as  philosophifdng  about  them  but  it  is  sometimes 
more  profitable,  and  we  may  truthfully  say  that  we  have  found 
the  investigation  of  these  details  of  more  interest  than  the  cor- 
responding affairs  in  human  life. 

The  sight  of  a  bee  or  a  wasp  returning  to  its  home,  without 
hesitation  or  uncertainty,  from  some  far  distant  spot  is,  indeed, 
marvellous.  When  we  saw  our  first  Ammophila  perform  this 
feat  we  were  filled  with  wonder.  How  was  it  i)ossible  for  her 
to  hunt  for  hours,  in  all  directions,  far  and  wide,  and  then  re- 
turn in  a  direct  line  to  a  nest  which  had  been  so  carefully  cov- 
ered over  that  every  trace  of  its  existence  was  obliterated? 
Looked  at  in  this  way  it  is  indeed  a  mysterious  process,  best  ac- 
counted for  by  giving  her  a  sixth  or  a  seventh  sense — a  sense  of 
direction. 

This,  however,  is  not  quite  fair  to  her  ladyship's  intelligence 
as  a  better  acquaintance  with  her  would  prove.  In  reading 
much  of  the  popular  natural  history  of  the  day  one  might  sup- 
pose that  the  insects  seen  flying  about  on  a  summer's  day  were 
a  part  of  some  great  throng  which  is  ever  moving  onward,  those 
that  are  here  today  being  replaced  by  a  new  set  on  the  morrow. 
Except  during  certain  seasons  the  exact  opposite  of  this  is  true. 
The  flying  things  about  us  abide  in  the  same  locality  and  are 
the  inhabitants  of  a  fairly  restricted  area.  The  garden  in  which 
we  worked  was,  to  a  large  extent,  the  home  of  a  limited  number 
of  certain  species  of  wasps  that  had  resided  there  from  birth  or 
having  found  the  place  accidentally,  had  settled  there  perma- 
nently. To  make  this  matter  clear  let  us  suppose  the  case  of 
an  individual  of  A.  umaria.  In  June  she  spent  her  time  in 
sipping  nectar  from  the  onion  flowers  or  from  the  sorrel  that 
grew  on  the  Ix^der  of  the  garden.     In  July  came  the  days  of 
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her  eourtehip  and  honeymoon^  and  these  too  were  pasBed  in 
going  from  flower  to  flower,  from  one  part  of  the  garden  to  an- 
other. Many  a  day  we  have  followed  her  when  she  flew  from 
blossom  to  blossom  along  a  row  of  bean  plants,  taming,  when 
she  reached  the  end,  and  wending  her  way  leisurely  back  along 
the  next  row.  Then  comes  a  day  when  we  see  her  running 
orer  the  ground  and  looking  carefully  under  the  weeds  for  a 
good  nesting-place.  At  last  a  spot  is  selected  and  she  begins 
to  dig,  but  two  or  three  times  before  the  work  is  completed  she 
goes  away  for  a  short  flight  When  it  is  done,  and  covered 
over,  she  flies  away,  but  returns  again  and  again  within  the  next 
few  hours,  to  look  at  the  spot  and,  perhaps,  to  make  some  little 
alteration  in  her  arrangements.  From  this  time  on,  until  the 
caterpillars  are  siored  and  the  egg  laid,  she  visits  her  nest  sev- 
eral times  a  day,  so  that  she  becomes  perfectly  familiar  with  the 
neighborhood,  and  it  is  not  surprising,  after  all,  that  she  is  able 
to  carry  her  prey  from  any  point  in  her  territory  in  a  nearly  di- 
rect line  to  her  hole — ^we  say  nearly  direct,  for  there  was  almost 
invariably  some  slight  mistake  ia  the  direction  which  made  a 
little  looking  about  necessary  before  the  exact  spot  was  found. 

After  days  passed  in  flying  about  the  garden — going  up  Bean 
Street  and  down  Onion  Avenue,  time  and  time  again — one 
would  think  that  any  formal  study  of  the  precise  locality  of  a 
nest  might  be  omitted,  but  it  was  not  so  with  our  wasps.  They 
made  repeated  and  detailed  studies  of  the  surroundings  of  their 
nests.  Moreover,  when  their  prey  was  laid  down  for  a  moment 
on  the  way  home,  they  felt  the  necessity  of  noting  the  place 
carefully  before  leaving  it. 

Of  the  species  that  catch  their  prey  before  making  the  nest 
we  have  good  e^unplee  in  Pompilus  quinguenotat'uSy  the  torna- 
do wasp,  and  fuscipenniSy  the  Pompilus  with  the  red  girdle. 

The  tornado  wasp  may  make  her  nest  anywhere  from  one  to 
ten  feet  from  the  spot  on  which  she  has  deposited  her  spider, 
while  fuscipennia  never  goes  more  than  fourteen  inches  away. 
During  the  process  of  excavation  both  of  these  wasps  pay  sev- 
eral visits  to  the  spider  and  frequently   they  have  difficulty  in 
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finding  it.  Ab  an  example  of  this  kind  of  trouble  we  give  a  dia* 
gram  (PL  XIL,  fig.  5)^  of  the  course  followed  by  an  individual 
of  fuaoipermiSy  after  she  had  finished  her  nest,  in  tiying  to  find 
her  spider  and^  in  bringing  it  home.  This  and  the  other  similar 
diagrams  that  are  given^  are  reductions  of  large  tracings  that 
were  made  on  the  spot.  Although,  not  absolutely  correct  they 
Bxe  exact  enough  for  all  practical  purposes.  Whenever  there 
is  an  error  it  is  necessarily  in  the  direction  of  making  the  patk 
pursued  by  the  wasp  appear  ehorter  and  less  complex  than  it 
really  was.  The  individual  in  question  had  placed  her  spider 
on  ft  cucumber  vine  not  far  from  the  ground.  It  was  not  hid- 
den by  leaves  but  was  fully  exposed  to  view.  The  nest  was 
only  eight  inches  away  but  when  it  was  finished  and  the  wasp 
went  to  bring  the  spider,  she  found  it  only  after  a  search  of 
three  minutes,  and  then  when  she  went  back  to  the  nest  she  at 
first  passed  to  one  side  and  went  some  inches  beyond  and  had  to 
retrace  her  steps. 

We  watched  ten  different  individuals  of  this  species  and  every 
one  of  them  had  trouble  in  remembering  the  path  between  the 
nest  and  the  spider.  Once  we  caught  one  that  had  just  hung  up 
her  spider,  and  released  her,  almost  immediately,  on  the  same 
spot.  She  hunted  about  in  the  wildest  way  for  fifteen  minutes, 
going  further  and  further  away,  and  would  never  have  found 
her  treasure  if  we  had  not  helped  her.  Such  an  amount  of  run* 
ning  and  flying,  here,  there,  and  everywhere,  would  be  incom- 
prehensible in  an  animal  endowed  with  an  innate  sense  of  direc- 
tion, and  we  fear  that  the  wasps  must  surrender  to  the  bees  or 
the  cats  all  claim  to  such  distinction.  Certainly  we  have  discov- 
ered no  trace  of  it  in  the  forty-five  species  that  we  have  studied. 

The  best  evidence  that  wasps  depend  upon  a  knowledge  ci 
the  place  in  returning  to  their  nests,  is  given  by  the  pains  that 
they  take  to  acquire  that  knowledge.  When  Sphex  %chneum(h 
nea  was  ready  to  dig  her  nest  she  had  great  difficulty  in  find- 
ing a  place  that  suited  her.  Many  a  spot  was  merely  looked  at 
and  x>a8sed  by,  while  others,  that  seemed  more  attractive,  were 
left  after  they  had  been  excavated  for  a  little  way.     At  last» 
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the  nest  dug,  she  was  ready  to  go  out  and  seek  for  her  store  of 
provkion  and  now  came  a  most  thorough  and  systematic  study 
of  the  surroundings.  The  neets  that  had  been  partly  made  and 
then  deserted  had  been  left  without  any  circling.  Evidently 
she  was  conscious  of  the  difference  and  meant,  now,  to  take  all 
necessary  precautions  against  losing  her  way.  She  flew  in  and 
out  among  the  plants  first  in  narrow  circles  near  the  surface  of 
the  ground,  and  now  io  wider  and  wider  ones  as  she  rose  higher 
in  the  air,  until  at  last  she  took  a  straight  line  and  disappeared 
in  the  distance.  The  diagram  (PI.  XII.,  fig.  1)  gives  a  tracii^ 
of  her  first  study  preparatory  to  departure.  Very  often  after 
one  thorough  study  of  the  topography  of  her  home  has  been 
made,  a  wasp  goes  away  a  second  time  with  much  less  circling 
or  with  none  at  all.  The  second  diagram  (PI.  XII.,  fig.  2)  gives 
a  fair  illustration  of  one  of  these  more  hasty  departures.  To 
some  philosopher  sitting  in  his  study  and  reading  learned  works 
upon  instinct  and  reason,  this  may  seem  all  foolishness,  and  cer- 
tainly if  he  prefers  to  believe  that  the  wasp  is  endowed  with  a 
sense  of  direction,  and  that  all  this  flying  here,  and  circling 
there,  has  nothing  to  do  with  her  method  of  finding  her  way, 
he  is  at  liberty  to  do  so,  even  if  this  does  leave  a  rather  large  un- 
explained residuum. 

If  the  examination  of  the  objects  about  the  nest  makes  no 
impression  upon  the  wasp,  or  if  it  is  not  remembered,  she  ought 
not  to  be  inconvenienced  nor  thrown  off  her  track  when  weeds 
and  stones  are  removed  and  the  surface  of  the  ground  is 
fimoothed  over;  but  this  is  just  what  happens.  Aporus  fdsciattia 
entirely  lost  her  way  when  we  broke  off  the  leaf  that  covered 
her  nest,  but  found  it,  without  trouble,  when  the  missing  object 
wae  replaced.  All  of  the  species  of  Cerceris  were  extremely 
annoyed  if  we  placed  any  new  object  near  their  nesting-places. 
Our  Ammophila  refused  to  make  use  of  her  burrow  after  we 
had  drawn  some  deep  lines  in  the  dust  before  it  The  same  an- 
noyance is  exhibited  when  there  is  any  change  made  near  the 
spot  upon  which  the  prey  of  the  wasp,  whatever  it  may  be,  is 
deposited  temporarily.     We  learned  from  experience  how  im- 
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portant  it  was  not  to  disarrange  the  grass  or  plants  on  such  oc- 
casions. The  wasps  are  in  many  cases  so  prudent  as  to  conceal 
their  booty  among  the  leaves  and  this  made  5t  very  inconvenient 
to  keep  our  eyes  upon  the  captured  prey,  as  was  quite  necessary 
if  we  wished  to  follow  it  on  its  travels.  To  avoid  the  discom- 
fort of  lying  on  the  ground  or  of  twisting  the  neck  at  some  im- 
possible angle  for  half  an  hour  at  a  time,  we  sometimes  gently 
moved  the  intercepting  objects  to  one  side,  but  even  such  a 
slight  change  cost  us  dear  in  time  and  patience  as  it  threw  the 
wasp  out  of  her  bemngs  and  made  it  difficult  for  her  to  recover 
her  treasure.  We  recall  one  exceedingly  warm  day  in  Septem- 
ber when  we  were  delayed  in  this  way  for  forty  minutes,  when 
she  would  have  seized  the  spider  and  gone  on  her  way  without 
a  pause  had  we  not  interfered. 

Very  often  the  wind  would  shake  the  plant  so  that  the  spider 
or  caterpillar  would  fall  to  the  ground.  Under  these  circum- 
stances the  wasp  was  not  at  all  disconcerted  but,  on  not  finding 
her  prey  where  she  had  left  it,  dropped  at  once  to  where  it  was 
lying.  This  is  probably  only  an  extension  of  their  ordinary 
habits.  A  wasp  that  takes  spiders  learns  to  follow  them  as  they 
drop  from  the  web  on  being  disturbed.  In  this  they  are  evi- 
dently guided  by  sight,  but  perhaps  they  are  also  aided  by  the 
sense  of  smell  under  other  conditions,  to  the  extent,  at  least, 
of  recognizing  the  place  upon  which  their  prey  has  lain.  With 
so  much  to  build  upon  it  is  easy  to  see  how  natural  selection 
may  have  perfected  the  habit.  We  are  delaying  a  long  time 
over  details  but  we  feel  that  to  invoke  an  unknown  sense  is  only 
permissible  after  a  careful  study  of  the  daily  life  of  the  animals 
in  question  has  left  the  problem  unsolved. 

Among  the  wasps  that  first  make  the  nest  and  then  provision 
the  larder,  Astata  Ucolor  is  one  of  the  most  interesting.  She 
makes  a  permanent  abiding-place  and  probably  uses  it  until  all 
of  her  eggs  are  laid.  It  is  evident  that  since  she  comes  and 
goes  many  times  during  the  several  weeks  of  her  occupation  she 
does  not  need  to  make  a  prolonged  study  of  the  environment  at 
every  departure.     Her  first  survey,  just  after  the  nest  is  com- 
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pleted,  is  most  thorough,  and,  as  a  usual  thing,  when  she  first 
comes  out  on  each  succeeding  morning,  she  reviews  the  situa- 
tion more  or  less  carefully.  Individuals  differ  in  this  respect^ 
however,  some  studying  their  local  habitat  much  more  than 
others.  In  this  as  well  as  in  all  other  matters  our  observations 
are  in  complete  accord  with  those  of  Sir  John  Lubbock  who 
says:  "Indeed,  many  of  my  experiences  seem  to  show  not 
only  a  difference  of  character  in  the  different  species  of  ants, 
but  that  even  within  the  limits  of  the  same  species  there  are  in- 
dividual differences  between  ants,  just  as  between  men."* 

Astata  bicolor  made  her  study  in  a  different  way  from  Sphex 
ichneumonea.  She  first  flew  from  the  nest  to  a  spot  near  by  and 
settled  there,  returning,  after  a  moment,  to  the  nest,  or  else  fly- 
ing to  another  resting  place.  After  pausing  in  a  number  of 
places  (in  the  case  of  the  one  followed  in  the  diagram,  thirteen), 
Ae  finishes  by  a  rapid  zig-zag  flight.  (PL  XEL,  fig.  3.)  An- 
other wasp  of  this  species,  unicoloTy  differed  from  bicolor  in  not 
returning  to  the  nest  from  the  different  resting  places,  and  in 
walking  from  one  to  another  of  them  instead  of  flying,  although 
the  last  part  of  the  study  was  made  on  the  wing.  (PI.  IX.,  fig. 
5,  and  PI.  XTT.,  fig.  4.)  After  we  had  excavated  a  unicolor 
nest,  the  owner  dug  a  second  hole  five  inches  away.  At 
eleven  o'clock  of  the  day  on  which  this  nest  was  completed  she 
went  away  and  was  gone  until  fifteen  minutes  after  one.  Upon 
her  return  she  was  much  perplexed  as  to  the  situation  of  her 
home,  there  evidently  being  some  confusion  in  her  mind  be- 
tween the  old  nest  and  the  new  one.  At  first  she  aligbted  upon 
the  first  site  and  scratched  away  a  little  earth,  and  then  explored 
several  other  places,  working  about  for  twelve  minutes,  when 
she  at  last  found  the  right  spot. 

Gerceris  deserta  was  one  of  the  wasps  that  objected  strongly 
to  our  presence,  and  she  also  made  a  great  deal  of  fuss  about 
leaving  her  nest  Nearly  all  the  species  circle  before  leaving 
a  spot  to  which  they  intend  to  return,  but  deserta  begins  her 
flight  with  a  series  of  short  zig-zags  in  the  form  of  a  half  circle 

*Ants,  Beee,  and  Wasps,  p.  95. 
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on  one  side  of  the  nest.  (PL  IX.,  fig.  1.)  C.  nigrescens,  too,  be- 
.gan  with  eeiEmH^ircleB,  while  C.  clypeata  flew  entirely  around 
imd  around  the  opening.  The  contrast  between  the  deliberate 
movements  of  Astata  and  the  rapid  flight  of  Cerceris  is  quite 
remarkable. 


N«**' 


The  last  wasp  that  we  studied  in  the  summer  of  1897  was 
Tdchytes  sp.i  This  species  stores  her  nest  with  young  grass- 
hoppers and  after  catching  them  she  usually  has  the  greatest 
difficulty  in  getting  back  to  her  nest  The  above  diagrams  show 
just  the  number  of  turns  made  by  one  individual  in  bringing 
home  her  two  grasshoppers. 

We  have  now  given  a  sufficient  number  of  instances,  from 
widely  separated  genera,  to  show  the  care  that  is  taken  by  wasps 
to  acquaint  themselves  with  the  surroundings  of  their  nests.     It 
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lias  also  been  ehown  that  in  spite  of  all  this  care  they  frequently 
have  trouble  in  finding  their  way  about.  All  these  facts  have 
led  us  to  conclude  that  wasps  are  guided  in  their  movements 
by  their  memory  of  localities.  They  go  from  place  to  place 
quite  readily  because  they  are  familiar  with  the  details  of  the 
landscape  in  the  district  they  inhabit.  Fair  eyesight  and  a 
moderately  good  memory  oi^  their  part,  are  all  that  need  be  as- 
sumed in  this  simple  explanation  of  the  problem. 

When  working  with  the  social  wasps  some  years  ago  we  were 
struck  by  the  lapid  way  in  which  they  entered  and  left  the  nest. 
This,  however,  is  only  an  apparent  exception  to  the  rule.  We 
have  seen  the  young  workers  of  Polistes  fvsca  make  repeated 
locality  studies  when  they  first  began  to  venture  away  from 
home,  but  as  they  occupy  the  same  nest  all  summer  they  of 
-couTBe  grow  more  and  more  familiar  with  their  surroundings, 
imtil  they  become  so  thoroughly  acquainted  with  them  that  they 
can  find  their  way  without  the  least  difficulty.  We  have  no 
doubt  that  with  them,  as  with  the  solitary  wasps,  the  faculty  is 
not  instinctive,  but  is  the  direct  outcome  of  individual  experi- 
«ence. 
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CHAPTER  XYH. 

THE   STINGING   HABIT    IN   WASPS. 

Among  writere  on  psycliology  and  biology  there  are  few  sub- 
jects that  have  given  rise  to  more  speculation  than  the  origin 
and  purpose  of  the  stinging  habits  of  hymenoptei^  Each 
school  of  philosophy  claims  the  solitary  wasp  as  evidence  of  its 
favorite  opinions.  That  admirable  observer,  Fabre,  remarks 
that  Darwin  dreaded  much,  the  problem  of  instinct  and  that  had 
he  known  the  results  of  his — Fabre's — ^latest  observations  on  the 
stinging  habits  of  solitary  wasps  his  anxiety  would  have  resulted 
in  a  frank  avowal  of  impotence  to  make  instinct  enter  the  mould 
of  his  formula;  while  we,  on  the  other  hand,  find  among  these 
very  habits  good  examples  of  the  workings  of  natural  selection. 

Writers  on  this  subject  have  uniformily  acsumed — ^upon 
what  evidence  we  have  thus  far  been  unable  to  discover — that 
the  wasp,  instinctively  or  intelligently,  uses  its  sting  for  the 
single  purpose  of  paralyzing  without  killing  its  prey,  that  it 
may  thus  provide  its  offspring  with  a  fresh  supply  of  food.  To 
show  to  what  extremes  this  idea  has  been  carried  let  us  quote  a 
remarkable  passage  from  Eimer.  He  says:  "When  the  nest  is 
ready,  the  wasp  brings  into  it  larvae  of  beetles  and  other  insects, 
which  she  has  paralyzed  by  stinging  them  in  the  ganglia  which 
govern  muscular  action.  This  is  one  of  the  most  marvellous  in- 
stincts that  exist;  since  the  wasp  operates  on  various  larvae  with 
nervous  systems  of  various  forms,  she  must  effect  the  paralysis 
in  various  ways,  and  even  apart  from  this,  she  makes  a  phyao- 
logical  experiment  which  is  far  in  advance  of  the  knowledge  of 
man.  The  wasp  thus  carries  one  motionless  but  living  larva 
after  ctnother  into  her  tube  until  it  is  full,  and  she  rolls  up  the 
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larvse  and  packs  them  eo  ekilfully  that  they  take  up  as  little 
room  as  poaedble.  Finalljy  she  lays  her  egg  in  the  store  of 
living  food,  and  closes  the  opening  with  clay.  Then  she  be- 
gins a  new  tube,  and  eo  lays  one  egg  after  another. 

"What  a  wonderful  contrivance!  What  calculation  on  the 
part  of  the  animal  must  have  been  necessary  to  discover  it!  The 
larvse  of  the  wasp  require  animal  food.  Dead  food  enclosed 
in  the  cell  would  soon  putrefy,  living  active  animals  would  dis- 
turb the  egg,  and  accordingly  the  wasp  paralyses  grubs  and 
packs  them  like  sacks  of  meal  one  after  another  in  the  cell. 
How  did  she  arrive  at  this  habit?  At  the  beginning  she  prob- 
ably killed  larvflB  by  stinging  them  anywhere,  and  then  placed 
them  in  the  cell.  The  bad  results  of  this  showed  themselves; 
the  larvae  putrefied  before  they  could  serve  as  food  for  the  lar- 
val wasps.  In  the  meantime  the  mother-wasp  discovered  that 
those  larvfiB  which  she  had  stung  in  particular  parts  of  the  body 
were  motionless  but  still  alive,  and  then  she  concluded  that  lar- 
vfiB  stung  in  this  particular  way  could  be  kept  for  a  longer 
time  unchanged  as  living  motionless  food.  It  may  be  suggested 
that  the  wasp  only  paralyzed  the  larvae  in  order  to  carry  them 
more  easily;  but  even  if  this  were  the  case,  she  must,  since  she 
now  invariably  acts  in  this  way,  have  drawn  a  conclusion  by  de- 
ductive reasoning. 

"In  this  case  it  is  absolutely  impossible  that  the  animal  has  ar- 
rived at  its  habit  otherwise  than  by  reflection  upon  the  facts  of 
experience.'* 

Here  we  have  as  pretty  an  account  of  the  habits  of  wasps  as 
could  have  been  given  in  a  fairy  book.  One  can  hardly  be 
expected  to  take  such  statements  seriously,  since  it  is  certain 
that  the  writer  has  no  knowledge  of  the  life  histories  of  these 
insects. 

In  'Cental  Evolution  in  Animals*'  Mr.  Bomanes  says: 
"Several  species  of  the  Hymenoptera  display  what  I  think  may 
be  justly  deemed  the  most  remarkable  instincts  in  the  world. 
These  consist  in  stinging  spiders,  insects^  and  caterpillars  m 
their  chief  nerve  centerSy  in  consequence  of  which  the  victims 
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are  not  kiUed  outright,  but  rendered  motionleBi;  they  are  then 
conyejed  to  a  burrow  preiviouBly  formed  by  the  8phex,  and, 
oontanmng  to  live  in  their  paralyzed  condition  for  several 
weeks  are  at  last  avaUahle  ae  food  for  the  larv»  when  there  are 
hatched.  Of  course  the  eztraordinaiy  fact  which  stands  to  be 
explained  is  that  of  the  precise  anatomical,  not  to  say  also  phf- 
siological  knowledge  which  appears  to  be  displayed  by  the  in- 
sect in  stinging  only  the  nerve  centers  of  its  prey.^^* 

Before  beginning  any  discussion  of  this  remarkable  instinct 
it  is  most  important  that  we  have  before  us  the  facts  that  are  to 
be  explained.  Bomanes  depended  upon  Fabre  for  his  knowl- 
edge of  the  subject,  and  while  Fabre  is  unquestionably  the  most 
accurate  of  observers  it  does  not  necessarily  follow  that  all  of 
his  inferences  must  be  accepted-  We  have  used  the  quotation 
from  Eomanes  because  it  represents  the  current  opinion  of 
naturalists  on  the  subject,  and  also  because  it  presents  the  in- 
stinct as  dependent  upon  several  matters  of  fact.  The  fint 
assertion,  that  the  prey  is  stung  in  the  chief  nerve-centers  is  not 
a  matter  of  ascertained  fact  at  all  but  an  inference  drawn  from 
the  observation  that  some  of  the  victims  are  not  killed  but  only 
paralyzed.  The  next  step  in  the  argument  is  a  more  or  lees 
unconscious  one,  namely,  that  the  wasp  does  not  desire  to  kill 
but  means  to  paralyze.  Then  comes  the  assertion  that  the 
prey  remains  motionless  for  several  weeks.  So  far  as  we  know 
the  facts  relating  to  this  point,  they  are  as  follows:  Out  of  our 
forty-five  species  of  solitary  wasps  about  one-third  kill  their  prey 
outright.  Of  those  that  remain  there  is  not  a  single  species  in 
which  the  sting  is  given  with  invariable  accuracy.  To  judge 
from  the  results,  they  scarcely  rting  twice  alike,  since  the  vic- 
tims of  the  same  wasp  may  be  killed  at  once  or  may  live  from 
one  day  to  six  weeks,  or  perhaps  ultimately  recover.  Even  the 
caterpillars  of  AmmophUa,  the  most  distinguished  surgeon 
among  the  aculeate  hymenopteni,  live  anywhere  from  two  to 
forty  days. 

To  take  a  rapid  review  of  some  of  the  genera,  among  die 

*The  italics  are  ours. 
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Crdbronidae  the  two  species  with  which  we  are  familiar  almost 
invariably  store  up  flies  that  are  killed  before  they  are  brought 
into  the  nest;  our  common  Diodontus,  as  weU  as  our  StignmSy 
stores  up  dead  aphides;  Rhapalum  stores  dead  gnats;  Oxyhehis^ 
and  Bembex  kill  their  flies;  nearly  all  of  the  beetles  taken  by 
our  Cerceris  were  dead,  there  being  in  all  these  cases  an  occa- 
sional  exception,  one  out  of  twenty-five  or  thirty  being  left  alive. 
Aatata  hicolor  kills  at  least  half  of  her  bugs  before  storing 
them.  Turning  to  the  spider  hunters  the  French  Pelopaei  are 
always  obliged,  according  to  Fabre,  to  content  themselves  with 
cadavers,  while  ours  kiUed  most  of  their  spiders  in  stinging 
them  and  packing  them  away,  and  so  many  more  died  shortly 
after  the  nest  was  sealed  that  by  the  time  the  egg  hatched  not 
more  than  a  third  were  still  alive.  It  has  been  supposed  that 
with  these  Pelopaeiy  the  wasp  mother  protected  her  nurslings- 
from  the  evils  of  unwholesome  diet  by  laying  up  large  numbers 
of  small  spiders  instead  of  a  few  large  ones,  the  process  of  de- 
composition being  hastened  after  a  break  has  been  made  in  the 
skin.  Agenia  bombydna  deliberately  breaks  the  skin  of  the 
one  large  spider  which  she  places  in  her  cell,  by  cutting  off  all 
the  legs  to  make  it  fit  better.  Her  young  are  certainly  fed. 
upon  dead  matter  since  even  if  the  spider  survived  her  sting  it 
would  die  under  this  severe  operation.  Our  little  friend,  the^ 
tornado  wasp,  gives  her  offspring  but  one  spider,  and  this  at 
the  moment  of  its  entombment  is  quite  as  often  dead  as  alive. 
Pompilus  marginatum  uses  the  same  method,  killing  as  fr^ 
quently  as  not,  and  with  both  of  the  spiders  that  we  saw  taken 
by  ScUius  the  sting  proved  fatal.  As  has  been  said  AmmopMlay, 
the  most  skillful  operator  of  all,  stings  her  caterpillars  in  so  un- 
certain and  variable  a  manner  that  many  of  them  die  before 
they  are  attacked  by  the  larva.  It  must  be  acknowledged  that 
if  the  wasps  are  really  aiming  to  produce  a  state  of  paralysis^ 
and  especially  if  they  are  trying  for  even  results^  they  are  one 
and  all  of  them  in  the  novitiate  state,  and  are  not  as  yet  entitled 
to  rank  as  masters  in  the  art  However  this  inference  as  to- 
what  they  are  striving  for  is  purely  gratuitous  since  there  is 
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nothing  in  such  a  refined  operation  that  has  the  slightest  utilitj 
for  them.  Should  the  wasps  themselves  be  permitted  to  ask  a 
question  at  this  point  they  would  probably  inquire  why  we 
should  imagine  that  they  need  to  preserve  the  prey  for  "sev- 
eral weeks,"  when  their  larvae  hatch  and  begin  to  devour  it  in 
from  one  to  three  days? 

The  assumption  that  the  larv»  must  be  nourished  upon  fresh 
food  is  the  central  point  from  which  all  these  wonderful  infer- 
ences are  drawn.  Strangely  enough,  in  all  these  speculations  a 
very  important  fact  has  been  overlooked — ^the  fact,  now  fully 
established,  that  the  larvsB  are  able  to  subsist  on  prey  that  has 
been  killed  outright,  and  that  where  they  are  nourished  upon  a 
single  insect  or  spider,  the  food,  although  it  must  begin  to  de- 
compose within  a  few  days,  still  serves  its  purpose  through  the 
whole  period  of  alimentation.  Clearly  then,  the  purpose  of 
the  stinging  is  not  to  paralyze  and  preserve  the  prey  alive,  since 
the  wasp  has  no  reason  for  attempting  any  such  difficult  pro- 
cedure, the  larva  thriving  quite  as  well  upon  dead  as  upon  living 
food. 

Much  of  the  mystery  that  surrounds  the  stinging  operation 
depends  upon  the  supposition  that  the  wasps  are  enabled  by 
some  power  that  serves  them  in  lieu  of  anatomical  knowledge, 
to  sting  the  center  of  SQme  particular  ganglion  without  the  var- 
iation of  a  hair's  breadth  to  the  right  or  left 

"All,"  says  Fabre,  "from  first  to  last  shows  us  as  clear  as  a 
drop  of  water  that  the  external  structure  of  the  victim  goes  for 
nothing  in  the  method  used.  It  is  the  internal  anatomy  that 
determines  it  The  points  touched  are  not  the  most  penetrable; 
they  fulfill  a  major  condition  beside  which  penetrability  is  un- 
important This  condition  is  nothing  less  than  the  immediate 
neighborhood  of  the  nervous  center  the  influence  of  which  must 
be  abolished.  Body  to  body  with  its  prey,  soft  or  hard,  the  dep- 
redator comports  itself  as  if  it  knew  the  locality  of  the  appara- 
tus of  innervation  better  than  any  one  of  us."  Writing  of  an- 
other wasp  (Scolia)  he  says  that  she  "wishes  her  prey  inert  but 
alive;  'she  does  not  want  a  cadaver  which  would  soon  be  poison  to 
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her  young.  *  *  *  A  millimeter  upward  kills,  a  millimeter 
downward  paralyzes — on  this  slight  inclination  depends  the  race 
of  Scolia." 

As  a  striking  example  of  the  wonderful  precision  and  discrim- 
ination practioed  by  wasps  in  stinging  their  prey  Fabre  cites 
Philanthus  apivorus  which,  by  a  single  stroke  in  the  cervical 
ganglion,  inflicts  death  so  suddenly  that  every  muscle  is  relaxed. 
If  this  manoeuvre  were  not  performed  with  accuracy  the  wasp 
would  be  unable  to  suck  the  honey  from  the  dead  bee;  and  if 
the  honey  were  left  in  the  bee  it  would  harm  the  larva  for  which 
the  victim  is  destined.  The  utility  of  the  whole  performanoo 
rests  upon  the  pernicious  action  of  honey  as  food  for  young 
wasps,  and  Fabre  has  done  what  he  can  to  test  this  point  by  feed- 
ing the  larvae  upon  bees  from  which  the  honey  was  not  removed, 
as  well  as  upon  honey  alone,  with  the  result  that  when  thus 
treated  they  invariably  died.  But  larvae  under  artificial  condi- 
tions die  from  all  sorts  of  causes  and  we  cannot  but  feel  that  he 
has  been  too  ready  to  draw  his  conclusions  when  we  find  that 
the  yoimg  of  Cerceris  ornata,  observed  by  Marchal,  thrive  upon 
bees  from  which  the  honey  has  not  been  removed. 

The  sting  in  both  bees  and  wasps,  was  originally  an  ovipos- 
itor and  even  today,  in  the  egg  bearers,  its  most  important  use 
is  to  direct  and  place  the  newly  laid  ovum.  There  can  be  little 
doubt  that  its  character  as  a  weapon  of  offense  and  defense  has 
been  added  later  to  its  primary  use.  In  the  social  wasps  as  well 
as  in  the  social  and  solitary  bees,  its  use  is  confined  to  defensive 
operations,  even  such  genera  as  PoUstes  and  Yespa,  that  feed 
their  young  on  animal  food,  not  bringing  it  into  play  to  aid 
them  in  the  capture  of  prey,  since  they  have  sufficient  weapons 
in  their  strong  mandibles.  Moreover,  it  is  probable  that  there 
are  many  solitary  wasps  that  never  sting  their  victims.  If,  in 
the  nest  of  Bembex,  flies  are  found  that  have  survived  the 
squeezing  of  the  thorax,  no  one  suggests  that  there  is  anything 
mysterious  or  remarkable  in  the  matter,  but  let  another  wasp 
subdue  its  victim  by  means  of  the  sting  instead  of  the  mandi- 
bles and  we  overlook  the  explanation,  so  near  at  hand,  that  all 
15 
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that  it  does,  in  most  instances,  is  to  overcome  the  reeistonoe  of 
its  prey.  We  believe  that  the  primary  purpose  of  the  stinging 
is  to  overcome  resistance  and  to  prevent  the  escape  of  the  vic- 
tims, and  that  incidentally  some  of  them  are  killed  and  others 
are  paralyzed. 

Monteiro  saw  a  combat  in  which  a  wasp  stabbed  a  spider  right 
in  the  abdomen  "when  it  instantly  curled  up  its  legs  and  dropped 
like  dead  to  the  ground."  We,  ourselves,  have  often  witneseed 
Buch  fights  and  the  effect  of  the  poison  of  the  wasp  is  as  instan- 
taneous as  an  electric  shock.  The  habit  of  stinging  in  the 
ganglion  (where  that  habit  is  found)  has  doubtless  been  de- 
veloped through  natural  selection,  the  power  of  quickly  and  ef- 
fectively reducing  a  vigorous  foe  to  absolute  helplessness  being 
clearly  an  advantage.  With  those  families  that  live  on  creat- 
ures that  are  themselves  armed  with  poisonous  f  alces,  as  in  the 
case  of  spiders,  we  see  an  additional  reason  why  the  practice 
of  stinging  to  disarm  them  would  be  beneficial  in  the  struggle 
for  existence;  and  it  may  be  that  we  have  here  a  partial  due  to 
the  infrequent  use  of  the  sting  in  flycatchers. 

Pompilus  scelestus  takes  a  spider  much  larger  than  herself^ 
reducing  it  in  a  moment  to  a  condition  of  absolute  helplessness. 
For  three  or  four  hours  after  it  is  stung  it  is  as  limp  as  a  drop 
of  jelly  so  that  it  can  be  dragged  to  the  nest  and  packed  tighfly 
down  into  its  close  fitting  tomb.  Within  the  next  twenty-four 
hours  it  recovers,  showing  that  the  nerve-oenter  has  not  been 
wounded  by  the  lance  of  the  wasp,  but  only  benumbed  by  the 
transfusion  of  the  poison.  The  rapid  return  to  health  has  no 
menace  for  scelestus  and  no  advantage  for  the  spider,  since  the 
earth  will  hold  it  motionless  until  its  life  is  ended  by  the  grow- 
ing larva. 

But  what  of  Sphex  and  AmmopMla'i  For  the  first  the  cica- 
da or  grasshopper  is  strong  and  active  and  it  is  obviously  desir- 
able to  put  it  into  an  inert  condition  as  speedily  as  possible,  not 
only  to  prevent  its  escape,  but  for  facility  in  transporting  it. 
Ammophila  has  often  far  to  carry  her  caterpillar,  and  this,  too, 
through  grass  and  over  many  a  rough  road.     With  a  perfectly 
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limp  and  Tiiiresisting  burden  it  frequently  takes  an  tour  or  two, 
and  with  a  struggling  captive  the  day  would  not  be  long  enough. 
To  bring  so  soft  a  creature  into  a  manageable  state  by  using  the 
mandibles  would  reduce  it  to  a  pulpy  mass  and  deprive  it  of  half 
its  value,  and  the  process  of  malaxation,  which  often  supple- 
ments the  stinging,  can  only  be  practiced  after  the  caterpillar 
is  quiet.  As  to  the  numerous  stings  that  are  given  by  Ammo- 
pkila  it  is  plain,  from  the  variations  that  have  been  found,  that 
the  number  of  wounds  and  the  order  in  which  they  are  given 
are  not  important  factors  in  her  life  history.  From  what  we 
have  seen,  one  sting,  or  at  most  three,  one  in  the  middle  and 
another  at  each  extremity,  would  be  quite  sufficient  for  all  her 
purposes.  Perhaps  the  others  are  supernumerary,  like  the  several 
nests  made  by  many  species  of  birds,  all  but  one  of  which  are 
afterward  destroyed  or  deserted,  the  purpose  of  the  stinging, 
nevertheless,  being  to  overcome,  just  as  the  purpose  of  nest 
building  is  nidification.  In  any  case  the  extra  stings  cannot  be 
held  to  invalidate  the  hypothesis  which  we  have  offered  to  ex- 
plain the  general  purpose  of  the  act. 


Digitized  by  LjOOQIC 


228  THE  SOLITARY  WASPS. 


CHAPTER  XVni. 

CONCLUSION. 

Our  study  of  the  activities  of  wasps  has  satisfied  us  that  it  is 
impracticable  to  classify  them  in  any  simple  vraj.  The  old  no- 
tion that  the  acts  of  bees,  wasps,  and  ants  were  all  varying  forms 
of  instinct  is  no  longer  tenable  and  must  give  way  to  a  more 
philosophical  view.  It  would  appear  to  be  quite  certain  that 
there  are  not  only  instinctive  acts  but  acts  of  intelligence  as 
well,  and  a  third  variety  also — acts  that  are  probably  due  to  im- 
itation, although  whether  much  or  little  intelligence  accompan- 
ies  this  imitation,  is  admittedly  difficult  to  determine.  Again, 
acts  that  are  instinctive  in  one  species  may  be  intelligent  in  an- 
other, and  we  may  even  assert  that  there  is  a  considerable  varia- 
tion in  the  amount  of  intelligence  displayed  by  different  individ- 
uals of  the  same  species.  We  have  met  with  such  difficulty  in 
our  attempts  to  arrange  the  activities  of  wasps  in  different  groups 
that  we  are  forced  to  the  conclusion  that  any  scheme  of  classifi- 
cation is  merely  a  convenience,  useful  for  purposes  of  study  or 
generalization,  but  not  to  be  taken  for  an  absolutely  true  ex- 
pression of  all  the  facts.  This  kind  of  peri)lexity  is  well  un- 
derstood and  allowed  for  in  all  morphological  work  but  it  has 
never  been  fully  realized  in  the  study  of  habits.  The  expla- 
nation is  not  far  to  seek.  The  habits  of  but  few  animals  have 
been  studied  in  sufficient  detail  to  bring  out  the  e\'idence  that 
there  is  as  much  variation  on  the  psychological  as  on  the  mor- 
phological side. 

Another  difficulty  which  has  been  clearly  stated  by  both  Mor- 
gan and  Wundt,  namely,  the  tendency  to  interpret  the  actions 
of  animals  in  terms  of  our  own  consciousness,  must  always  be 
with  us.     "Wundt  himself   after  indirectly  criticising  Eomanes 
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for  this  confusion,  falls  into  it  himself.  He  tells  how,  when  a 
boy,  he  made  some  observations  upon  a  garden  spider. 

He  says:  **I  had  made  myself,  as  a  boy,  a  fly-trap,  like  a 
pigeon-cote.  The  flies  were  attracted  by  scattered  sugar,  and 
caught  as  soon  as  they  entered  the  cage.  Behind  the  trap  was 
a  second  box,  separated  from  it  by  a  sliding  door,  which  could 
be  opened  or  shut  at  pleasure.  In  this  I  had  put  a  large  garden 
spider.  Cage  and  box  were  provided  with  glass  windows  on 
the  top,  so  that  I  could  quite  well  observe  anything  that  was 
going  on  inside.  At  first  nothing  particular  happened.  When 
eome  flies  had  been  caught  and  the  slide  was  drawn  out  the 
spider,  of  course,  rushed  upon  her  prey  and  devoured  them, 
leaving  only  the  legs,  head,  and  wings.  That  went  on  for  some 
time.  The  spider  was  sometimes  let  into  the  cage,  sometimes 
confined  to  her  own  box.  But  one  day  I  made  a  notable  dis- 
covery. During  an  absence  the  slide  had  been  accidently  left 
open  for  some  little  while.  When  I  came  to  shut  it,  I  found 
that  there  was  an  unusual  resistance.  As  I  looked  more  closely, 
I  saw  that  the  spider  had  drawn  a  large  number  of  thick 
threads  directly  under  the  lifted  door,  and  that  these  were  pre- 
venting my  closing  it,  as  though  they  had  been  so  many  cords 
tied  across  it. 

^^hat  was  going  on  in  the  spider's  mind  before  she  took  this 
step  towards  self-preservation — a  step,  mark  you,  which  but  for 
the  vis  major  of  the  boy-master  would  have  been  perfectly  ad- 
equate to  effect  the  desired  result?  The  animal  psychologist 
will  possibly  say:  The  spider  must  first  of  all  have  come  to 
understand  the  mechanism  of  the  sliding-door,  and  must  have 
said  to  herself  that  a  force  operating  in  a  definite  direction  could 
be  compensated  by  another  in  the  opposite  direction.  Then 
she  set  to  work,  relying  upon  the  perfectly  correct  inference 
that  if  she  could  only  make  movement  of  the  door  impossible, 
she  would  always  have  access  to  the  victims  of  her  murderous 
desires.  There  you  have  a  consideration  of  general  issues,  an 
accurate  prevision,  and  a  cautious  balancing  of  cause  and  effect, 
end  and  means.^     Well,  I  am  rather  inclined  to  explain  the  mat- 
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ter  atiierwise.  I  imagine  that  as  the  days  went  by  there  had 
been  formed  in  the  mind  of  the  spider  a  determinate  associatioiL 
on  the  one  hand  between  free  entry  into  the  cage  and  the 
pleasurable  feeling  attending  satisfaction  of  the  nutritive  in- 
stinct, and  on  the  other  between  the  closed  slide  and  the  un- 
pleasant feeling  of  hunger  and  inhibited  impulse.  Now  in  her 
free  life  the  spider  had  always  employed  her  web  in  the  service 
of  the  nutritive  impulse.  Association  had  therefore  grown  up 
between  definite  positions  of  her  web  and  definite  peculiarities 
of  the  objects  to  which  it  was  attached,  as  well  as  changes  which 
it  produced  in  the  positions  of  certain  of  these  objects, — ^leaves, 
small  twigs,  etc.  The  impression  of  the  falling  slide,  that  is, 
called  up  by  association  the  idea  of  other  objects  similarly 
moved  which  had  been  held  in  their  place  by  threads  properly 
spun;  and  finally  there  were  connected  with  this  association  the 
other  two  of  pleasure  and  raising,  unpleasantness  and  dosing, 
of  the  door.  That  was  surely  enough  to  rouse  the  prisoner  to 
action.  Any  other  intellectual  or  inventive  activity  is  entirely 
unnecessary.  If  she  had  not  had  these  associations  at  her  dis- 
posal, she  would  certainly  never  have  hit  upon  the  plan  she  did." 
Had  Wundt  been  familiar  with  the  habits  of  spiders  he  would 
have  known  that  whenever  they  are  confined  they  walk  around 
and  aroimd  the  cage  leaving  behind  them  lines  of  web.  Of 
course  many  lines  passed  under  his  little  sliding  door  and  when 
he  came  to  close  it  there  was  a  slight  resistance.  These  are  the 
facts.  His  inference  that  there  was  even  the  remotest  inten- 
tion on  the  part  ^f  his  prisoner,  to  hinder  the  movement  of  the 
door  is  entirely  gratuitous.  Even  the  simpler  mental  states  that 
are  supposed  to  have  passed  through  the  mind  of  the  spider  were 
the  product  of  Wundt'e  own  imagination.*     He  does  not,  how- 

♦Thifl  quotation  from  Wundt  furnishes  a  good  example  of  the  futility 
of  any  attempt  to  understand  the  meaning  of  the  actions  of  animals  until 
one  has  become  well  acquainted  with  their  life  habits.  When  Froude,  in 
his  "Cat's  Pilgrimage,"  makes  the  bee  urge  upon  all  animals  that  it  is 
their  plain  duty  to  make  honey,  while  the  cow  expresses  a  pained  surprise 
that  many  insects  neglect  to  furnish  milk,  we  see  how  a  wider  knowledge 
on  their  part  would  have  prevented  much  misunderstanding.     . 
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ever,  fall  into  the  unfortunate  habit  of  many  workers  in  the 
field  of  comparative  psychology — that  of  withholding  such  a 
srtatement  of  the  facts  as  will  enable  one  to  mark  them  off  from 
the  inferences  of  the  observer. 

We  arrange  the  activities  of  the  wasps  that  we  have  studied 
into  two  groups,  Instincts,  and  Acts  of  Intelligence,  it  being 
understood  that  these  classes  pass  by  insensible  stages  into  eax;h 
other,  and  that  acts  that  are  purely  instinctive  when  performed 
for  the  first  time,  are  probably  in  some  d^ree  modified  by  in- 
dividual experience.  In  this  classification  the  question  of  origin 
16  not  considered.  The  facts  are  grouped  under  the  two  heads, 
the  inferences  that  they  warrant  being  left  for  later  considera- 
tion. Under  the  term  Instinot  we  place  all  complex  acts  that 
are  performed  previous  to  experience  and  in  a  similar  manner 
by  all  members  of  the  same  sex  and  race,  leaving  out  as  non- 
essential, at  this  time,  the  question  of  whether  they  are  or  are 
not  accompanied  by  consciousness.  Under  Intelligence  we 
place  those  conscious  actions  which  are  more  or  less  modifiable 
by  experience.  It  is  this  power  that  enables  an  insect  to  seek, 
accept,  refuse,  choose, — to  decline  to  make  use  of  this  or  to  turn 
to  account  some  other  thing.  Many  writers  prefer  the  term 
Adaptation  for  these  activities  and  it  possesses  certain  advant- 
ages. With  these  definitions  in  mind,  let  us  group  the  activitiea 
of  wasps  under  the  two  heads. 

Instinct. 

With  the  Pelopaevs  wasps  we  were  present  on  several  occa- 
sions when  the  young  emerged  from  the  pupa  case  and  gnawed 
their  way  out  of  the  mud  cell.  They  were  limp  and  their  winga 
had  not  perfectly  hardened,  and  yet  when  we  touched  them 
they  tried  to  attack  us,  thrusting  out  the  sting  and  moving  the 
abdomen  about  in  various  directions.  These  movements  were 
well  directed,  and,  so  far  as  we  could  observe,  quite  as  perfect 
as  in  the  adult  wasp.     Stinging,  then,  is  an  instinctive  act, 

The  particular  method  of  attack  and  capture  practiced  by 
each  species  in  securing   its    prey  is  instinctive.     Ammophila 
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pricks  a  number  of  ganglia  along  the  ventral  face  of  the  cater- 
pillar; PelopaevSy  we  believe,  stabs  the  spider  in  the  cephalo- 
thorax,  and  probably  the  several  species  of  Ponipilvs  da  the 
same.  Asiata  bicolor  adopts  the  same  tactics  in  capturing  her 
bugs,  while  it  is  said  of  the  fly-catchers  that  they  commonly 
overcome  their  victims  without  using  the  sting.  It  is  by  in- 
stinct, too,  that  these  wasps  take  their  proper  food  supply,  one 
worms,  another  spiders,  a  third  flies  or  beetles.  So  strong  and 
deeply  seated  is  the  preference  that  no  fly  robber  ever  takes 
spiders,  nor  will  the  ravisher  of  the  spiders  change  to  beetles  or 
bugs. 

The  mode  of  carrying  their  booty  is  a  true  instinct.  Pontr 
pilus  takes  hold  of  her  spider  anywhere,  but  always  drags  it 
over  the  ground,  walking  backward;  Oxybelus  clasps  her  fly 
with  the  hind  legs,  while  Bemhex  uses  the  second  pair  to  hold 
hers  tightly  against  the  under  side  of  her  thorax.  Each  works 
after  her  own  fashion  and  in  a  way  that  is  uniform  for  each 
species. 

The  capturing  of  the  victim  before  the  hole  is  made,  as  in 
the  case  of  P.  qninquenotatvs,  or  the  reverse  method  pursued 
by  Astata^  Ammophila,  BembeXy  and  others  of  preparing  the 
nest  before  the  food  supply  is  secured  is  certainly  instinctive; 
as  is  also  the  way  in  which  some  of  these  wasps  act  after  bring- 
ing the  prey  to  the  nest.  For  example  S.  ichneuinofiea  places 
her  grasshopper  just  at  the  entrance  to  the  excavation  and  then 
enters  to  see  that  all  is  right  before  dragging  it  in.  In  exper- 
imenting with  a  French  Sphex  which  has  the  same  habit,  Fabre 
moved  the  creature  a  little  way  off;  the  wasp  came  out,  brought 
it  to  the  opening  as  before,  and  went  within  a  second  time. 
This  was  repeated  again  and  again  until  the  patience  of  the  nat- 
uralist was  exhausted,  and  the  persistent  wasp  took  her  booty 
in  after  her  appropriate  fashion.  She  must  place  the  grass- 
hopper just  so  close  to  the  doorway,  she  must  then  descend  and 
examine  the  nest,  and  after  that  must  come  out  and  drag  it 
down.  Nothing  less  than  the  performance  of  these  acts  in  a 
certain  order  satisfies  her  impulse.      There  must  be  no  disturb- 
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ance  of  the  regular  method  or  she  refuses  to  proceed.  Again, 
we  see  Oxybelus  scratching  open  her  nest  while  on  the  wing  and 
enti^ring  at  once  with  the  fly  held  tightly  in  her  legs.  Each 
way  is  characteristic  of  the  species  and  would  be  an  important 
part  of  any  definition  of  the  animal  based  upon  its  habits. 

The  general  style  of  the  neet  depends  upon  instinct.  Try- 
poxylon  uses  hollow  passages  in  trees,  posts,  straws,  or  brick 
walls;  Di^ontns  americanns^  a  member  of  the  same  family, 
always  burrows  in  the  ground,  as  do  Bembex,  AmmophUa,  and 
Sphex.  In  the  case  of  Trypoxylon  the  passage  may  be  ready 
for  use  or  may  require  more  or  lees  preparation;  the  instinctive 
part  is  the  impulse  that  impels  the  insect  to  use  a  certain  kind 
of  habitation.  Any  one  familiar  with  T.  ruhrocinctum  would 
never  look  for  their  nests  in  standing  stems  or  under  stones;  to 
use  Mr.  Morgan's  test,  he  would  be  willing  to  bet  on  the  general 
style  of  the  dwelling  place.  All  of  these  acts  are  similarly  per- 
formed by  individuals  of  the  same  sex  and  race,  not  in  circum- 
stantial detail  but  quite  in  the  same  way  in  a  broad  sense.  Var- 
iation is  always  present  but  the  tendency  to  depart  from  a  cer- 
tain type  is  not  excessive.  In  the  drawing  of  the  nest  of 
Cerceris  nigrcscens  the  burrow  is  seen  to  be  tortuous,  this  style 
of  work  being  common  to  many  species  in  the  genus  and  very 
characteristic.  No  Sphex  nor  Ammophilu  constructs  any  such 
tunnel.  The  adherence  of  all  the  members  of  a  species  to  a  cer- 
tain style  of  architecture,  is,  then,  due  to  instinct. 

The  spinning  of  the  cocoon,  in  those  species  in  which  the  larva 
is  protected  in  this  manner,  and  its  shape,  are  instinctive.  We 
find  that  closely  allied  species  in  the  same  genus  make  very  dif- 
ferent cocoons  as  is  seen  in  T,  rubrocinetum  and  T.  bidentatum. 
Some  wasps  never  cover  themselves  with  a  cocoon,  as  in  the  Au- 
stralian species  Alastor  eriurgus  and  Abispa  splendida*  It 
is  a  well  known  fact  that  silk  worms  sometimes  omit  the  spin- 
ning of  a  cocoon;   but  this  does  not  affect  the  argument  since 

•Neats  and  Habits  of  Australian  Vespidae  and  Larridae,  by  Walter 
W.  Froggatt,  Proceedings  Linnean  Society  of  N.  S.  W.,  Vol.  IX., 
Series  2nd. 
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the  descendants  of  these  individuals  make  the  characteristic  cov- 
ering. Such  cases  are  probably  due  to  individual  variation  or 
perhaps  to  atavism,  this  throwing  back  being  not  uncommaii 
among  forme  that  are  well  known. 

Kot  all  of  the  instinctive  facts  here  enumerated  are  displayed 
by  each  species  studied,  although  as  a  general  proposition  they' 
are  conmion  to  most  of  them.  We  have  doubtless  overlooked 
some  activities  that  should  come  under  this  head  as  we  have 
not  made  a  thorough  study  of  any  sufficient  number  of  species 
to  make  a  final  settlement  of  the  matter.  For  convenience  we 
give  the  eight  primary  instincts  that  we  have  enumerated  in. 
tabular  form. 

Instincts. 

1.  Stinging. 

2.  Taking  a  particular  kind  of  food. 

3.  Method  of  attacking  and  capturing  prey. 

4.  Method  of  carrying  prey. 

6.     Preparing  nest  and  then  capturing  prey,  or  the  reverse. 

6.  The  mode  of  taking  prey  into  the  nest 

7.  The  general  style  or  locality  of  nest 

8.  The  spinning  or  not  spinning  of  a  oocoon,  and  its  spe- 
cific form  when  one  is  made. 

Intelligence. 

It  is  obviously  more  difficult  to  distinguish  actions  of  this 
class  than  of  the  other.  One  must  be  familiar  with  the  normal 
conditions  of  the  insects  in  question  before  he  is  able  to  note 
those  slight  changes  in  the  environment  that  offer  some  oppor- 
tunity for  an  adaptation  of  means  to  ends,  or  before  he  is  com- 
petent to  devise  experiments  which  will  test  their  powers  in  this 
direction. 

We  find  two  classes  of  intelligent  actions  amcng  the  hymen- 
optera  which  are  sufficiently  distinct  to  be  considered  separately, 
although,  like  all  natural  groups,  they  grade  into  each  other. 
The  first  of  these  includes  those  actions  that  are  performed  by 
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large  numbers  in  a  similar  fashion  under  like  conditions,  while 
in  the  second  class  each  act  is  an  individual  affair,  as  where  a 
single  wasp,  uninfluenced  in  any  way  by  the  example  of  those 
about  it,  displays'  unusual  intelligence  in  grappling  with  the 
affairs  of  life.  Examples  of  the  first  class  are  found  in  sucti 
modifications  of  instinct  as  are  shown  by  Pelopaeus  and  other 
wasps  in  the  character  of  their  habitations.  Pelopaeus^  instead 
of  building  in  hollow  trees  or  under  shelving  rocks,  as  was  the 
ancient  custom  of  the  race,  now  nests  in  chimneys,  or  under 
the  eaves  of  buildings.  We  have  found  T.  rubrodfwtum  tak- 
ing advantage  of  the  face  of  a  straw  stack  that  had  been  cut  off 
smoothly  as  the  cattle  were  fed  through  the  winter.  The  same 
power  of  adaptation  is  shown  by  Fabre's  experiment  with  Ostma^ 
in  which  he  took  two  dozen  nests  in  shells  from  a  quarry,  where 
the  bees  had  been  nesting  for  centuries,  and  placed  them 
in  his  study  along  with  some  empty  shells  and  some  hollow 
stems.  When  the  bees  come  out,  in  the  spring,  nearly  all  of 
them  selected  the  stalks  to  build  in  as  being  better  sitited  to 
their  use  than  the  shells.  All  of  these  changes  are  intelligent 
adaptations  to  new  modes  of  life,  serving  to  keep  the  species  in 
harmony  with  its  surroundings.  The  same  thing  may  be  seen 
when  a  number  of  social  wasps  work  together  to  replace  the  roof 
of  their  nest  when  it  has  been  torn  off. 

An  instance  of  the  second  class  is  seen  in  one  of  our  examples 
of  Pompilus  marginatm.  This  species,  while  searching  for  a 
nesting-place,  leaves  its  spider  lying  on  the  ground  or  hides  it 
under  a  lump  of  earth,  in  either  of  which  positions  the  booty 
is  subject  to  the  attacks  of  ants;  the  wasp  in  question  improved 
upon  the  custom  of  her  tribe  by  carrying  the  spider  up  into  a 
plant  and  hanging  it  there.  We  have  now  and  then  seen  a 
queen  of  Polistes  fusca  occupy  a  comb  of  the  previous  year  in- 
stead of  building  a  new  one  for  herself,  showing  a  better  mental 
equipment  than  her  sisters  who  were  not  strong  minded  enough 
to  change  their  ways  and  so  built  new  nests  alongside  of  un- 
occupied old  ones  which  were  in  good  condition.  In  Bembex 
society  it  is  good  form  to  close   the  door  on  leaving  home,  but 
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236  THE  SOLITARY  WASPS. 

Bometimee  a  wasp  will  save  time  by  leaving  the  entrance  open. 
This,  however,  is  a  doubtful  case  es  the  advantage  would,  per- 
haps, be  more  than  balanced  by  the  exposure  of  the  nest  to  par- 
asites. The  most  conspicuous  example  that  we  have  seen  of 
intelligence  among  wasps,  was  in  that  individual  of  Ammophila 
that  rose  above  her  fellows  by  using  a  stone  to  pound  down  th** 
earth  over  her  nest. 

The  general  impression  that  remains  with  us  as  a  result  of  our 
study  of  these  activities  is  that  their  complexity  and  perfection 
have  been  greatly  overestimated.  We  have  found  them  in  all 
stages  of  development  and  are  convinced  that  they  have  passed 
through  many  degreee,  from  the  simple  to  the  complex,  by  the 
action  of  natural  selection.  Indeed,  we  find  in  them  beautiful 
examples  of  the  survival  of  the  fittest. 
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AoENiA  ARCHiTSGTA,  date  of  appearance  of,  165;  short  larval  life  of,  166. 

BOMBTCiNA,  observation  on  mutilation  of  spider  by,  164;  Dimmock's 

account  of  habits  of,  165. 

Ammophila,  variations  among  species  of,  in  method  of  closing  nest,  20; 
Fabre*B  conclusions  from  the  study  of,  contrasted  with  oars,  90,  31 . 

GRACILIS,  great  distance  over  which  prey  is  carried  by,  25-27;  desertion 

of  caterpillar  by,  26;  condition  of  caterpillar  stung  by,  26;  failure  of 
instinct  in,  27. 

HIR8DTA,  method  of  stinging  of,  12;  success  of  experiments  with,  12. 

— :—  SABULOSA,  failure  of  exi)eriments  with,  12. 

URN  ARIA,  feeds  on  nectar  of  flowers,  6;  sense  of  locality  in,  7,  8;  locality 

study  of,  212,  213;  her  mode  of  carrying  caterpillar,  7,  30;  prey  of,  7; 
her  preference  for  clear  warm  weather,  8;  individual  variation  in,  0; 
hunting  habits  of,  9;  her  mode  of  attack,  10;  malaxation  by,  11, 12; 
stinging  habits  of,  11,  12;  failure  in  exjierimenting  with,  12;  variation 
in  the  thoroughness  of  her  stinging,  13;  condition  of  caterpillars  stung 
by,  13-18;  length  of  time  that  caterpillars  survive  the  sting  of,  13; 
length  of  egg  and  larval  stages  in,  18;  locality  and  character  of  her 
nest,  18;  position  of  her  egg  on  larva,  18;  her  method  of  digging,  19; 
her  method  of  making  a  temporary  closure  of  nest,  19;  time  elapsing 
between  storing  of  her  caterpillars,  21;  final  closure  of  her  nest,  21; 
her  habit  of  frequently  revisiting  nest,  21;  variation  in  her  manner  of 
closing  nest,  21,  22;  using  pebble  as  a  tool,  23;  her  peculiar  conduct 
resulting  in  loss  of  egg,  27;  number  of  caterpillars  stored  by,  28. 

YARROWi,  Williston's  notes  on  habits  of,  23-25. 

Aporus  fasciatus,  goes  backward  when  carrying  prey,  55;  depends  upon 
land-marks  for  recognizing  locality,  55;  her  method  of  digging,  56; 
position  of  her  egg  on  spider,  56;  length  of  egg  stage  in,  56;  does  not 
sting  severely,  56;  probably  depends  upon  close  packing  to  keep  spider 
quiet,  56;  contrast  between  two  individuals  of,  57;  length  of  time  occu- 
pied by,  in  digging  nest,  56,  57;  character  of  nest  of,  57;  takes  Atti- 
dae,  57;  her  habit  of  filling  up  partly  made  nests,  57;  date  of  appear- 
ance of,  57. 

Arachnida,  concentration  of  nervous  system  in,  81. 
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Abhmead,  W.  H.,  on  habits  of  Stigmus  argentifrons^  45;  on  prey  of  Try- 
poxylon  albopiloaum,  86. 

AsTATA  Bi COLOR,  date  of  appearance  of,  92;  her  deliberative  character,  93; 
her  prey,  93;  length  of  time  it  takes  her  to  catch  a  bug,  93;  her  method 
of  digging,  94;  her  habit  of  sleeping  in  nest,  94,  95;  situation  and  ap- 
pearance of  nest  of,  95;  her  habit  of  leaving  nest  open  during  absence, 
95;  malaxation  by,  95;  condition  of  bugs  found  in  nest  of,  95,  96;  her 
freedom  from  parasites,  95;  her  method  of  stinging,  96;  her  habit  of 
enlarging  nest  from  day  to  day,  96;  locality  study  of,  217. 

Leuthstromii,  observation  on,  98. 

UNI  COLOR,  variation  in  size  of,  88;  locality  study  of,  88,  217;  prey  of, 

88;  her  method  of  carrying  prey  and  of  digging  nest,  88.  89;  her  spells 
of  work  alternating  with  those  of  rest,  89;  her  habit  of  leaving  nest 
open  when  absent,  89;  character  of  her  nest,  90;  position  of  her  egg  on 
bug,  90;  lengtii  of  egg  and  larval  stages  in,  91;  attacked  by  parasites, 
91;  her  timidity  while  storing  nest,  91,  92;  condition  of  bugs  found  in 
nests  of,  92. 

Balanius  nasicus,  preyed  upon  by  Cercerta  clypeaia^  111. 

Bartram,  on  habits  of  Sphex,  72. 

Bates,  H.  W.,  on  locality  study  of  Monedula  aignata^  35;  on  habits  of 
same  species,  70;  on  habits  of  Beinbex  ciliata^  70. 

Belt,  Thomas,  on  locality  study  of  Pohatea  carnifexy  35;  on  ants  pro- 
tecting frog-hoppers  from  wasps,  100. 

Bembex  ciliata,  circles  when  leaving  nest,  70;  leaves  nest  open,  70. 

R08TRATA,  accouut  of  habits  of,  by  Wesenberg,  70,  71. 

—  SPINOLAE,  size  of  colony  of,  58;  has  less  numerous  progeny  than  other 
wasps,  59;  her  habit  of  feeding  young  from  day  to  day,  59;  her  diffi- 
culty in  deciding  where  to  dig,  59;  method  of  digging  of,  59;  time  oc- 
cupied in  digging  nest  and  clearing  away  debris  by,  60;  uselessness  of 
hiding  entrance  to  nest  of,  60;  length  of  time  occupied  in  catching  fly 
by,  60;  her  method  of  taking  fly  into  nest,  €0;  character  of  nest  of, 
61;  sense  of  locality  of,  61;  departing  from  nests  and  returning  to  them 
in  company,  62;  quarrelsome  habits  of,  62,  63;  thievish  propensities 
of,  63;  works  from  four  to  five  hours  a  day,  63;  does  not  work  in 
cloudy  weather,  63;  her  tolerance  of  parasitic  flies,  64;  number  of 
parasitic  larvae  found  in  nests  of,  64;  position  of  her  egg  on  fly,  66; 
length  of  egg  stage,  66;  condition  of  flies  stored  by,  66,  67;  observa- 
tion on  stinging  habit  of,  67;  suggestion  as  to  origin  of  habits  of,  67, 
68;  differs  from  Monedula  punctata,  70;  experiments  to  determine 
the  number  of  nests  visited  by  female  of,  at  one  time,  71. 

Bonnbt,  quoted  by  Westwood  on  habits  of  Pelopaeua,  72. 

Brehm,  on  mutilation  of  spiders  by  Agenia  punctata,  164. 
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Gkbatina  dupla,  order  in  which  eggs  of,  hatch,  86;  her  habit  of  watch- 
ing over  young,  87. 

Cerceris  clypeata,  date  of  appearance  of,  109;  wariness  of,  110;  prey 
of.  111;  her  method  of  carrying  prey.  111;  her  habit  of  standing  in  en- 
trance of  nest,  112;  her  locality  study,  113;  her  method  of  work,  113; 
leaves  nest  open  during  absence  but  closes  it  when  within,  113;  exper- 
iments on  stinging  habits  of,  114;  condition  of  beetles  in  nest  of,  114. 

-^—  debsrta,  wariness  of,  115;  method  of  carrying  prey  of,  115;  condition 
of  prey  after  being  stung  by,  116;  locality  study  of,  116,  217,  218. 

NiGRESCENS,  wariuess  of,  116;  prey  of,  117;  condition  of  prey  after 

being  stung  by,  117. 

ORNATA,  killing  Halictus,  105;  nest  of,  200;  pray  of,  200;  position  of 

Qgg  of,  on  bee,  200;  experiments  on,  200;  her  method  of  stinging  in 
captivity,  201;  malaxation  by,  201;  paralysis  of  bee  due  to  diffusion  of 
poison  of,  and  not  to  a  wound  of  ganglion,  202;  brutual  methods  of, 
202;  licks  juice  of  bee  as  it  exudes,  203;  purpose  of,  in  paralyzing  bee, 
203;  condition  of  victims  after  having  been  stung  by,  204;  her  bees 
die  from  day  to  day  if  stung  without  malaxation,  206;  rapid  drying  up 
of  bees  that  are  stung  by,  207;  resume  of  observations  on  fifteen  nests 
of,  208;  not  a  master  in  the  art  of  paralyzing,  209;  errors  of  instinct 
of,  209,  210. 

Cbropales  fratbrna,  following  Pompilue  ecelestus jlbi,  155. 

Chibonomus,  species  of,  found  in  nests  of  Bhopalum,  43. 

Chlorion  coerulbum,  date  of  appearance  of,  173;  nest  of,  174;  prey  of, 
174;  condition  of  prey  stung  by,  174;  position  of  egg  of,  on  cricket, 
174;  length  of  egg  and  larval  stages,  174. 

Chbtsididab,  order  in  which  eggs  of,  hatch,  87;  young  of,  gnawing  a  hole 
through  stem,  87. 

Grabro  stirpicola,  date  of  first  appearance  of,  46;  locality  of  nest  of,  46; 
contrasted  with  other  wasps  as  to  manner,  46;  her  method  of  removing 
pith,  47;  works  continuously  night  and  day  to  finish  nest,  49;  time 
taken  by,  in  capturing  flies,  50;  industry  of,  50;  length  of  tunnel  of, 
51;  contents  of  cell  of,  51;  number  of  flies  stored  by,  51;  species  used 
by,  51;  length  of  larval  life  of,  52;  condition  of  flies  in  cells  of,  52; 
length  of  pupal  stage  of,  52;  larva  of,  does  not  require  fresh  food,  52. 

Curtis,  quoted  by  Westwood  on  habits  of  MellimLe,  72. 

Darwin,  Ghablbs,  on  evolution  of  stinging  habit  in  wasps  that  paralyze 
their  prey,  31,  32. 

DiMMOCK,  Geobgb,  on  habits  of  Agenia  hombycinay  165. 

DiODOMTUs  AMBRiCANUs,  date  of  appearance  of,  99;  preying  on  aphides, 
99;  relations  of,  with  ants,  99;  malaxation  of  aphides  by,  101;  does  not 
sting  aphides,  102;  location  of  nest  of,  103;  method  of  digging  of,  103; 
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number  of  aphides  found  in  nest  of,  103;  date  of  disappearance  of,  lOi; 
males  of,  104;  parasites  of,  101;  sucking  juices  from  aphides,  105;  con- 
dition of  aphides  in  nest  of,  105;  duration  of  ^^g  and  larval  stages,  106. 

coRNioBS,  preying  on  aphides,  107. 

GRACILIS,  preying  on  aphides,  107. 

Dunning,  S.  W.,  on  finding  flies  alive  in  nest  of  Bembexy  66;  notes  of,  on 
Pelopaeus  cementariwt,  188. 

EiMEB,  on  stinging  habits  in  wasps,  220-222. 

EvEBSMANN,  ou  finding  spiders  alive  in  nests  of  Pelopaeus  dUtiUaritis, 
187. 

Fabrb,  J.  H.,  on  stinging  habits  of  Ammophila  hirsuia  under  artificial 
conditions,  12;  on  habit  of  closing  nest  as  soon  as  made,  in  A,  argen- 
tata  and  A,  eahuloea,  20;  on  unsusal  habit  of  catching  prey  first 
and  then  digging  nest,  in  A.  hirauta,  20;  on  automatically  perfect  in- 
stincts of  Ammophila^  30,  31;  on  French  species  of  Sphez,  38-40;  on 
relation  between  Bembex  and  parasites,  65;  on  method  of  parasite 
in  depositing  egg  on  prey  of  Bembex^  65;  on  number  of  fiies  consumed 
by  larva  of  Bembex,  66;  on  Oxybelus  carrying  fiy  impaled  on  sting, 
73;  on  habits  of  Pkilanihua  apivorus,  105;  on  habits  of  Pompilus, 
125;  on  comparative  value  of  his  observations  on  solitary  wasps,  181; 
on  method  of  capture  of  prey  by  PelopaeriSy  190;  on  spiders  of  Pe/o- 
paeue  being  nearly  always  killed,  191;  on  his  belief  that  Darwin  would 
have  admitted  that  the  habits  of  the  solitary  wasps  could  not  be  ex- 
plained by  the  theory  of  natural  selection,  220;  on  imx)ortance  of  para- 
lyzing instead  of  killing  prey,  224;  on  importance  of  internal  anatomy 
rather  than  of  external  structure  in  determining  method  used  by  wasp 
in  stinging  prey,  224. 

GossE,  P.  H.,  on  intelligence  of  Pelopaeus  flavipes^  197,  198. 

GrOUREAU,  on  mutllatiou  of  spiders  by  wasps,  164. 

Habit  of  several  species  of  feeding  young  from  day  to  day,  71,  72. 

Halicjtus  disparalib,  preyed  upon  by  Philanthus  punctatus,  119,  120. 

Harpactopus  abdominalib,  date  of  appearance  of,  174;  prey  of,  175; 
method  of  carrying  locust  of,  175;  position  of  egg  of,  on  locust,  175; 
condition  of  locust  stung  by,  175. 

Hudson,  W.  H.,  on  habits  of  Monedula  punctata,  69. 

Instinct,  defined,  231. 

Instincts  of  solitary  wasps,  classification  of,  234. 

Intelligence  of  solitary  wasps,  231,  234-236. 

Locality  sense  in  wasps,  211-219;  Darwin's  theory  of  dead-reckoning  in 
relation  to,  211;  Lubbock  and  Romanes  quoted  against  this  explana- 
tion of,  211;  confused  by  changes  in  surroundings,  215,  216. 

Lubbock,  Sir  John,  on  individuality  in  ants,  217. 
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liYBODA  Bubita,  date  of  appearance  of,  169;  prey  of,  169;  feeding  of  young 
from  day  to  day  by,  170;  condition  of  prey  after  being  stung  by,  170; 
number  of  crickets  eaten  by  larva  of,  171. 

Maiivdron,  on  variability  of  nests  of  Pelopaeua^  179. 

Marcsal,  Paul,  on  Cerceria  omata,  200-210. 

MxLiTTOBiA,  parasitic  on  Trypoxylon,  86. 

MoNEDULA  PUNCTATA,  feeds  larva  from  day  to  day,  69;  captures  no  prey 
until  egg  hatches,  69;  uses  fire-flies  and  other  insects  as  well  as  flies,  69. 

BiGNATA,  Bates'  observation  on  locality  study  of,  35;  preys  upon  only 

one  species,  70. 

MoirrxiRO,  on  finding  spiders  alive  in  nests  of  Pelopaeua  apirifex^  186, 
187;  on  combat  between  wasp  and  spider,  187. 

Mdtilatioiv  of  spiders  by  wasps,  164. 

Nests,  see  under  various  species. 

Omalub  corruscans,  parasitic  upon  Diodontue  americanus,  104. 

OxTBELUs  quadrinotatus,  her  method  of  carrying  fly,  73;  of  storing  nest, 
74;  closes  nest  when  going  away  but  leaves  it  open  while  she  is  within, 
74;  makes  nest  before  first  fiy  is  captured,  74;  position  of  her  egg  on 
fiy,  74;  condition  of  flies  in  nest  of,  74;  character  of  nest  of,  74;  length 
of  egg  stage  in,  75;  according  to  Verhoeff ,  cannot  sting,  but  crushes 
thorax  of  fly,  75;  date  of  appearance  of,  75. 

Pachtofthalmus  AURI7RON8,  parasitic  on  Trypoxylon^  86. 

Packard,  on  the  nesting  habits  of  Sphex  ichneumoneat  39. 

Pblofaeus,  number  of  generatioRs  of,  in  one  year,  176;  locality  of  nests  in 
American  species  of,  177;  in  French  species  of,  177;  method  of  nest- 
building  in,  177;  variation  in  nest-building  habits  of,  177;  variability 
of  nests  of,  in  Indian  archipelago,  179;  prey  of,  179;  number  of  spiders 
packed  into  one  cell  by,  180;  notes  showing  contents  of  nests  of,  180; 
method  of  capturing  and  stinging  prey  of^  181;  observation  upon  sting- 
ing habits  of,  182;  two  or  three  spiders  dislodged  before  one  is  captured 
by,  183;  condition  of  spiders  found  in  nests  of,  185;  table  showing  con- 
dition of  spiders  in  nests  of,  186;  French  species  of,  kill  their  prey,  186, 
egg  of,  laid  on  last  spider  brought  in,  187;  time  required  to  fill  cell  of, 
187;  eflfect  of  poison  of,  as  noted  by  Monteiro  and  Eversmann,  187; 
variation  of  dififerent  species  of,  187;  eating  habits  of  larva  of,  188, 
189;  length  of  larval  stage  of,  189;  variation  in  number  of  spiders  con- 
sumed by  larva  of,  189;  di£Perence  between  French  and  American 
species  of,  192;  conclusions  to  be  drawn  from  study  of,  193;  cocoon  of, 
193;  method  of  emerging  from  cocoon  of,  193;  stinging  habit  congeni- 
tal and  instinctive  in,  193;  table  showing  that  spiders  in  nests  of,  die 
from  day  to  day,  196;  summary  of  habits  of,  198,  199. 
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PsLOPABUS  CEMBNTABius,  found  in  Wisconsin,  176;  Mr.  Dunning's  notee 
showing  condition  of  spiders  found  in  nest  of,  188;  length  of  egg  stage 
in,  188;  efifect  of  venom  of,  on  cray-fish,  191;  on  spiders,  194,  195. 

coKBULEus,  most  common  species  in  Wisconsin,  176. 

DiSTiLLABius,  spiders  found  alive  in  nests  of,  by  Eversmann,  187. 

FLAVIPE8,  intelligence  of,  as  noted  by  Gkisse,  197,  198. 

SPiBiFBx,  observations  on,  by  Monteiro,  186. 

Philaivthus  punctatus,  date  of  appearance  of,  117;  several  individuals 
of,  hatching  out  and  living  in  same  nest,  118;  habits  of  colony  of,  118; 
method  of  digging  of,  118,  119;  prey  of,  119;  number  of  bees  stored  in 
an  afternoon  by,  120;  experiments  on  stinging  habits  of,  122;  condi- 
tion of  bees  after  being  stung  by,  122;  character  of  nest  of,  123;  nesting 
habits  of  mates  of,  123,  121. 

PoLisTEB  cARNiFEx,  locality  studv  of ,  uoted  by  Belt,  35. 

vuscA,  sometimes  uses  old  nests,  177,  235;  effect  of  venom  of,  on  cray- 
fish, 193;  locality  study  made  by  young  workers  of,  before  leaving 
nest,  219;  takes  prey  without  stinging,  102,  225. 

PoMPiLiDAB,  prey  of,  125;  variation  in  habits  among  species  of,  125;  nest- 
ing habits  of  French  species  of,  125. 

PoMPiLus  BiocTTATUS,  date  of  appearance  of,  138;  resembles  quinqiienota- 
tu8  in  habits,  138;  starts  several  nests,  139;  nest  of,  139;  method  of  carry- 
ing prey  of,  139;  position  of  egg  of,  on  spider,  140;  length  of  egg,  larval* 
and  pupal  stages  of,  140;  condition  of  spiders  after  being  stung  by,  140. 

CALiPTERUS,  date  of  appearance  of,  144;  nest  of,  144;  prey  of,  144;  con- 
dition of  spiders  stung  by,  144;  position  of  egg  of,  on  spider,  144; 
length  of  egg  stage,  144. 

FU8CIPENNI8,  prey  of,  140;  biting  legs  of  spider,  140,  141,  143;  dig- 
ging habits  of,  141;  mode  of  carrying  prey  of,  141;  method  of  closing 
nest  of,  141,  142;  afraid  of  ants,  142;  sense  of  locality  in,  142,  214; 
position  of  egg  of,  on  spider,  142;  length  of  egg  stage  in,  143;  condi- 
tion of  spiders  after  being  stung  by,  143;  species  of  spiders  taken  by, 
143;  number  of  legs  cut  from  spiders  by,  144;  locality  study  of,  213. 

iMTEBBUPTUS,   date  of   appearance  of,  152;  digging  habits  of,  152; 

prey  of,  152:  temporary  disposition  of  prey  by,  152;  digs  more  than 
one  nest,  153;  method  of  closing  nest  of,  153;  condition  of  spider  stung 
by,  153;  position  of  egg  of,  on  spider,  153. 
MARGiNATus,  date  of  appearance  of,  144;  excitability  of,  145;  condi- 
tion of  spiders  stung  by,  145,  147,  149;  method  of  carrying  prey  of, 
146;  her  long  hunt  for  a  suitable  nesting  place,  148;  temporary  dispo- 
sition of  prey  by,  148;  description  of  capture  of  Lyeosid  by,  149;  digs 
her  nest  after  capturing  prey,  151. 
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PoMPiLus  QuiNQuzNOTATUs,  date  of  api>earanoe  of,  126;  method  of  digc^mg 
of,  126;  prey  of,  126;  method  of  carryiog  prey  of,  127,  129;  method  of 
closing  and  concealing  nest  of,  127;  nest  of,  difficult  to  excavate,  127, 
128;  nest  of,  invaded  by  small  ants,  128;  confines  herself  to  one  species 
of  spider,  129;  often  hangs  spider  on  plant  while  nest  is  being  made, 
129;  is  capricious  in  selecting  spot  for  nest,  IdO;  failure  of  experiments 
to  determine  stinging  method  of,  131,  132;  robs  her  neighbors,  133; 
variation  in  nests  of,  131,  135;  length  of  egg  and  larval  stages  in,  136; 
notes  showinsT  effect  of  sting  of,  upon  spider,  136,  137;  inexactness  of 
stinging  methods  in,  138;  sometimes  loses  her  way,  135,  213. 

scELESTUs,  date  of  appearance  of,  153;  prey  of,  153;  bites  legs  of  spi- 
der, 151,  158;  flattens  herself  and  crawls  around  nest,  157;  sleeping 
habits  of,  158;  temporary  disposition  of  prey  by,  159;  mode  of  filling 
nest  of,  159;  position  of  egg  of,  on  spider,  160;  pursuit  of,  by  parasites, 
151,  155;  makes  long  pauses  while  transporting  spider,  155;  diagram 
showing  road  over  which  spider  was  carried  by,  156;  condition  of  spi- 
der immediately  after  having  been  stung  by,  160;  recovery  of  spider 
from  sting  of,  161;  experiment  with  stink-bug  upon  spider  taken  by, 
161;  experiment  of  wounding  ganglion  of  spider  taken  by,  162;  prey 
of,  buried  alive,  163. 

Priononyx  atrata,  date  of  appearance  of,  171;  prey  of,  171;  flattens  herself 
on  ground  and  crawls  about,  171;  method  of  carrying  locust  of,  172; 
condition  of  locust  stung  by,  172;  x>osition  of  egg  of,  on  locust,  172. 

Bhopalum  pedicellatum,  nests  in  stumps,  12;  is  a  long  time  in  finding 
prey,  12;  has  strong  power  of  localization,  13;  description  of  nest  of, 
13;  number  and  condition  of  gnats  found  in  nests  of,  13;  length  of  egg 
stage  in,  13. 

RUBRociNcrruM  nests  in  stalks,  13;  number  of  cells  stored  by,  13;  prey 

of,  13;  number  of  gnats  found  in  each  cell  of,  13;  gnats  found  in  nests 
of,  all  dead,  11. 

Romanes,  G.  J.,  on  stinging  habits  of  hymenoptera,  221. 

BaiiIus  conicus,  date  of  appearance  of,  53;  method  of  capturing  and  sting- 
ing a  Lycosid  of,  53,  51;  spider  killed  by  sting  of,  51;  experiments 
with,  51;  moves  backward  when  carrying  prey,  55. 

Social  wasps,  summary  of  general  habits  of,  3. 

SoLiTART  WASPS,  general  habits  of,  1. 

Sphex,  habits  of,  noted  by  Fabre,  39,  10. 

iCHNEUMONEA,  date  of  appearance  of,  33;  nests  begun  and  deserted 

by,  33;  nest  of,  33;  method  of  digging  of,  33;  appearance  of  nest  of, 
31;  studies  locality  of  nest  before  leaving  it,  31,  211,  215;  reas  ing 
power  of,  31;  her  method  of  carrying  prey  and  of  taking  it  into  nest, 
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37;  position  of  egg  of,  on  prey,  37;  position  of  grasshopper  in  neet,  37; 
condition  of  prey  after  being  stung  by,  38;  length  of  time  occupied  in 
making  nest  by,  39. 

Stiomus  AMERiCAirus,  nests  in  stumps,  44;  collects  aphides,  44;  collecting 
journeys  of,  occupy  three  or  four  minutes,  44;  several  individuals  of, 
use  the  same  gallery,  44;  description  of  nest  of,  44;  position  of  egg  of, 
on  aphis,  44;  number  and  condition  of  aphides  found  in  nests  of,  44; 
parasites  of,  45. 

AROBNTiFBONS,  provisious  uest  with  aphides,  45. 

TROGLODYTES,  uests  in  straws  and  preys  upon  larva  of  a  Thrips,  45. 

Stinging  habit  in  solitary  wasps,  variation  of,  in  different  species,  222; 
BX>ecies  that  use  it  to  kill,  223;  purpose  of,  226,  227;  origin  of,  225. 

Stink-bug,  refused  by  spider,  161. 

Tachytbs  8P?,  date  of  appearance  of,  167;  remarkable  method  of  progres- 
sion when  carrying  prey,  167;  prey  of,  167;  variation  in  number  of 
grasshoppers  stored  by,  168;  position  of  egg  of,  on  grasshopper,  168; 
length  of  egg  and  larval  stages  in,  168;  condition  of  grasshoppers  stung 
by,  168;  perfection  of  method  of  paralyzing  prey  in,  168;  has  difficulty 
in  finding  way  back  to  nest  after  capturing  grasshopper,  218. 

Tbypoxylon,  immense  numbers  of  spiders  destroyed  by,  87. 

ALBOPiLOSUM,  takes  larger  Spiders  than  rtt6rocincfw?n,  85;  preparation 

of  nest  by,  85;  condition  of  spiders  in  nest  of,  85;  parasites  of,  86. 

bidentatum,  habits  of,  86;  stinging  habits  of,  86;  order  in  which  per< 

feet  insects  emerged  from  cocoons  of,  in  one  set  of  cells,  86;  cocoon  of, 
differs  from  those  of  rubrocinctum  and  albopiloaum^  86. 

BUBRociNCTUM,  using  holes  already  excavated,77;  preparation  of  nests 

of,  78;  length  of  time  occupied  in  storing  nest  by,  78;  cooperation  of 
males  and  females  of,  79;  protection  of  nest  by  male  of,  79;  method  of 
taking  in  spider  of,  80;  male  of,  sometimes  assists  in  storing  nest,  80; 
the  packing  in  of  the  spider  by,  80;  number  of  spiders  used  by,  de- 
X>endent  upon  their  size,  80;  accuracy  shown  by,  in  never  selecting  a 
spider  too  large  for  calibre  of  straw,  81;  refuses  to  sting  in  captivity, 
81;  position  of  Qgg  of,  on  spider,  81;  condition  of  spiders  found  in  nests 
of,  82;  table  showing  length  of  life  of  spiders  that  have  been  stung  by, 
83;  length  of  egg  and  larval  stages  in,  83;  eating  habits  of  larva 
of,  84;  locality  sense  of,  84;  length  of  cocoon  stage,  84;  order  in  which 
perfect  insects  emerged  from  cocoons  of,  in  one  set  of  cells,  86. 

Venom  of  wasps,  experiments  with  Poliates  fuaca  on  grasshopper,  38;  ex- 
periments on  cray-fish,  spiders  and  caterpillars  with  Pelopaeu9  c«- 
mentarius,  Polietes  fusca  and  Veapa  maculataf  193-195. 

Vbspa  maoulata,  experiment  on  venom  of,  with  caterpillar,  195 
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Wbsbnberg,  on  habits  of  Bemhex  roatrata^  70,  71. 

WxsTwooD,  on  Ammophila^a  method  of  carrying  caterpillar,  30;  on  habits 

of  Stigmua  troglodytes^  45;  on  Mellinus  feeding  her  young  from  day 

to  day,  72. 
WiLLiBTON,  S.  W.,  on  habits  of  Ammophila  Yarrowi,  22-25. 
WmrDT,  on  experiment  with  garden  spider,  229;  erroneous  inferences  of, 

due  to  lack  of  familiarity  with  habits  of  spiders,  290. 
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PLATE  VIII. 

Figs.  1-2.  Nests  of  Ammophila  urnaria,  %  natural  size. 

Figs.  3-d.  Nests  of  Ammophila  urnaria,  natural  size. 

Fig.      5.  Caterpillar  with  egg  of  Ammophila  urnaria, 

Fio.      6.  Neet  of  Ceroeris  nigrescenSy  tunnel  3>^  inches  long. 

Fig.      7.  Nest  of  Oxgbelus  quadrinotatus^  natural  size. 

Fig.      8.  Side  view  of  spider:   A,  nervous  system.    (After  Emerton.) 
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PLATE  IX. 

Fig.  1.    Locality  study  of  Cerceris  descrta, 

Fio.  2.    Lycoaa  Kochii^  found  in  nest  of  Agenia  bombycina,  X  2. 

Pig.  3.    Nest  of  Agenia  bombycina,  X  2. 

Fig.  4.  Nest  of  Bembex  spinolae;  tunnel  3}^  inches  long;  pocket  2  in- 
ches below  surface. 

Fig.  5.  Locality  study  of  Aatata  unicolor.  The  continuous  line  shows 
the  course  walked  over  by  the  wasp;  the  short  marks  at  a  right 
angle  indicate  resting-places;  the  broken  line  indicates  flight. 

Fig.  6.  Nest  of  Astata  bicolor;  tunnel  2f^  inches  long;  pocket  IJ^  in- 
ches below  surface. 
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PLATE  X. 

Fio.  1.    Variety  of  neet  of  Pelopaeus  coeruleusj  showing  lumps  of  mud 
plastered  on  outside. 

Fio.  2.  Vertical  cell  of  neet  of  Pelopaeus  coeruleus. 

Fig.  3.  Horizontal  cells  of  nest  of  Pelopaeus  coeruleus, 

Fio.  4.  Nervous  system  of  Halyctus,   (After  Marchal.) 

Fio.  5.  Nest  of  DiodontuB  americanus,  natural  size. 

Fio.  6.  Nest  of  Pompilua  quinquenotattis,  nearly  natural  size. 

Fios.  7-8.  Examples  of  Epeira  strix  that  have  been  paralyzed  and 
hunff  up  on  bean  and  sorrel  plants  by  Pompilus  quinqtie- 
notatu8,  that  they  may  be  out  of  the  way  of  ants  while 
she  digs  her  nest. 
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PLATE  XI. 

Fio.  L  Nest  of  Sphex  iehneumonea;  tuimel  7^  inches  long;  pocket  ^ 
inch  by  %  inch. 

Fio.  2.  Nest  of  Philanthui  puneiaius;  A— B,  3^  inches;  B— C,  5  inches; 
C— D,  14  inches;  D— £,  8  inches. 

Fig.  3.  Nest  of  AsUUa  unicolor;  A— B,  2  inches;  B— C,  1^  inches; 
A— C,  2  inches;  C,  four  cells  where  the  bugs  were  stored.  B— C 
gallery  occupied  by  wasp  while  in  nest. 

Fio.  4.    Nest  of  C Morion  coeruleum;  nearly  H  natural  size. 

Fio.  5.  Nest  of  Tetchy te$  spf.;  tunnel  2  inches  long;  pocket  1^  inches 
below  surface. 

Fig.  6.    Nest  of  Crahro  Mrpieola  in  blackberry  stem;  X  2. 

Fio.  7.    Bottle  fastened  to  stem  to  measure  work  of  Crahro  9tirpicota. 
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PLATE  XII. 

Fio.  1.    A  thorough  locality  study  by  Sphex  ichneumonea. 

Fio.  2.    A  hasty  locality  study  by  Sphex  ichneumonea, 

Fio.  3.  Locality  study  of  Aetata  bicolor.  The  wasp  flew  from  nest  to  1, 
paused  a  moment,  then  flew  back;  then  to  2,  paused  and  flew 
back;  then  to  3,  paused,  then  to  4,  paused  and  flew  back  to  nest; 
flew  to  4,  5,  6,  7,  8  and  9,  pausing  at  each  spot,  and  flew  back  to 
nest  along  10;  flew,  successively,  along  11, 12  and  13,  resting  at 
the  spots  designated;  from  13  she  circled  around  nest  in  direc- 
tion of  arrow  points  and  departed. 

Fio.  4.  A  second  locality  study  of  Aetata  unicolor.  The  continuous  line 
shows  the  course  walked  over  by  the  wasp,  the  short  marks  at 
right  angles  representing  resting  places;  the  broken  line  indi- 
cates flight.  Line  1  shows  the  first  study,  leading  back  to  the 
nest,  and  line  2  the  second,  ending  in  flight  and  departure. 

Fig.  5.  Course  followed  by  Pompilus  fuscipennis  in  finding  her  spider 
and  in  retracing  her  steps  to  the  nest.  The  nest  being  com- 
pleted the  wasp  went  skimming  over  the  ground  as  indicated  by 
the  line,  until  the  spider,  which  had  previously  been  stung  and 
placed  upon  a  leaf,  was  found.  She  then  dragged  it  some  dis- 
tance beyond  the  nest  to  the  point  2,  from  which  place  she  took 
it  to  the  nest. 
The  locality  studies  are  all  very  much  reduced. 
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PLATE  XIII. 

Pig.  1.  Agenia  architecia  9  ,  X  *• 

Pig.  2.  Salius  conicua  ?  ,  X  4- 

Pig.  3.  Oxybelua  quadrinotatua  ?  ,  X  4. 

Pig.  4.  Tachytea  spf  ? ,  X  *• 

Pig.  5.  Aporus  faaciatua  9  ,  X  4. 
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PLATE  XIV. 

Pio.  1.    Trypoxylon  rubrocinotum  ? ,  X  *• 
Fio.  3.    Stigmus  amerioanus  ? ,  X  ^* 
Fig.  3.    Diodontus  americanus  ? ,  X  4* 
Fig.  4.    PHononyx  airata  ? ,  X  2, 
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IGNEOUS  ROCKS  OF  THE  FOX  RIVER  VALLEY. 


INTEODUCTORY. 

The  areas  of  igneous  rocks  to  be  described  in  this  paper  are 
the  ontcrops  at  Utley  and  Berlin,  in  Green  Lake  county,  and  the 
several  outcrops  of  granite  in  Waushara  county,  in  the  district 
of  the  Fox  river.  They  are  a  part  of  the  cordon  of  hills  and 
ridges  of  pre-Cambrian  rocks  that  Ue  outside  the  more  continu- 
ous crystalline  core  of  central  and  northern  Wisconsin.  These 
outlying  hills  were  islands  in  the  early  Paleozoic  seas,  and 
around  them  are  deposited  the  later  horizontal  formations  of 
sandstone  and  limestone.  Among  the  pre-Cambrian  outliers 
are  to  be  found  rocks  of  both  sedimentary  and  igneous  origin. 
Those  of  the  Fox  river  district  are  igneous,  of  both  plutonic  and 
volcanic  nature.  They  include  those  at  Utley,  Berlin,  and  Wau- 
shara, described  in  this  paper,  and  also  those  of  another  nimiber 
of  this  bulletin  at  Montello,  Observatory  Hill,  Marquette,  Mar- 
cellon,  Taylor's  farm,  and  Moundville.  Farther  to  the  south 
and  west,  at  Waterloo,  Baraboo,  and  l^ecedah,  are  extensive 
areas  of  quartzites.  The  area  of  the  various  pre-Cambrian  out- 
liers and  their  geographic  distribution  and  relation  to  the  pre- 
Cambrian  farther  north,  are  outlined  on  the  general  map  of  Wis- 
consin. (PL  II.)  On  the  accompanying  map  (PL  I.)  is  in- 
dicated the  distribution  of  these  isolated  areas  on  a  larger  scale. 

The  outliers  vary  widely  in  areal  extent  and  elevation.  They 
indicate  that  the  early  Huronian  continent  had  not  been  reduced 
to  a  base-level  at  the  time  of  the  deposition  of  the  early  Paleozoic 
formations.  It  is  very  probable  that  some  of  the  outcrops,  at 
least,  rose  a  thousand  feet  above  the  shore  Hne  of  the  early  Pale* 
ozoic  sea. 

The  outlying  pre-Cambrian  sedimentary  series  is  best  repre- 
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sented  in  the  Baraboo  region  where  there  occurs  a  considerable 
area  of  vitreous  quartzite  elevated  into  a  gentle  fold,  the  rem- 
nants of  which  appear  as  two  parallel  ridges  about  thirty  miles  in 
length.  In  the  Baraboo  region  also,  lying  above  the  quartzite 
along  the  north  flank  of  the  north  range  of  the  Baraboo  blufb, 
is  an  occurrence  of  the  acid  volcanic  rock  like  the  rhyolites  of 
the  Fox  river.  The  evidence  of  an  erosion  interval  between  the 
volcanic  rock  and  the  underlying  quartzite,  which  is  considered 
to  be  of  the  Upper  Huronian  period,  indicates  the  probable  £e- 
weenawan  age  of  the  Baraboo  volcanics.  The  similarity  in  com- 
position of  the  Baraboo  volcanics  with  the  igneous  rocks  of  Fox 
river,  here  described,  is  shown  by  the  following  analyses : 


I. 

II. 

III. 

IV. 

V. 

SiO, 

73.00 
13.43 

\     2.57 

2.29 
1.03 
1.58 
3.85 
trace 

73.65 
11.19 
1.31 
3.25 
2.78 
.51 
1.86 
3.74 

74.62 
10.01 
3.85 
1.72 
2.43 
.33 
3.38 
3.33 

73.00 
15.61 

71.24 

Al.  O, 

12.20 

lr*i   X • 

Pe,  0. 

1.71 

Pe  0 

1.95 
.79 

5.44 

OaO 

.98 

Mff  O 

.13 

K.O 

.88 
4.95 

1.86 

Na.O 

4.29 

Mn  O 

.97 

SO. 

.76 
1.06 

H.O 

.72 

.44 

.24 

.81 

98.56 

99.23 

99.91 

99.00 

99.63 

I.  Utley  metarhyolite.    (Weidman). 

II.  Berlin  rhyolite-flrneiss.    (Weidman). 

III.  Waushara  granite.    (Weidman). 

IV.  Baraboo  keratophyre.    (Austin^). 
V.  Baraboo  keratophyie.    (Daniells^). 

The  close  agreement  in  chemical  composition  of  these  rocks  is 
obvious.  The  amount  of  silica  in  the  four  areas  enumerated  is 
practically  the  same.  The  relative  amount  of  soda  as  compared 
with  potash,  however,  is  the  distinguishing  characteristic.  The 
percentage  of  soda  is  much  larger  than  that  of  potash  in  all  the 
areas  except  that  of  the  Waushara  granite,  and  in  the  latter 

>  Bulletin  Univ.  of  Wis.,  Sci.  Ser.,  No.  2,  p.  47. 
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place,  if  we  take  into  accoimt  the  molecular  ratio,  the  soda  mole- 
cule is  found  to  be  in  excess. 

The  three  areas  of  the  Fox  river  are  similar  in  comparative 
amounts  of  lime,  soda,  and  potash.  The  Baraboo  rock  differs 
from  these  somewhat  in  having  less  lime  and  more  soda.  The 
real  consanguinity  of  the  rocks  is  obviously  established.  Taking 
into  consideration  the  rocks  of  similar  composition  at  Observa- 
tory Hill,  Taylor's  farm,  and  of  other  outcrops  in  the  Fox  river 
valley,  to  be  described  in  a  later  bulletin  by  W.  H.  Hobbs  and  C. 
K.  Leith,  it  will  be  seen  that  there  is  exhibited  in  these  outlying 
pre-Cambrian  igneous  outcrops  a  petrographic  province  of  con- 
siderable extent.  The  evidence  of  the  probable  Eeweenawan 
age  of  the  Baraboo  rhyolite  leads  us  to  the  conclusion  that  all  the 
rocks  belonging  to  this  petrographic  province  are  of  the  Kewee- 
nawan  age. 

Whether  they  were  brought  to  the  surface  through  a  single 
vent  or  through  many  can  only  be  conjectured.  It  is  very  prob- 
able, however,  that  the  magma  was  transferred  to  the  surface 
through  a  nmnber  of  volcanic  orifices  and  extrusive  openings, 
and  that  the  eruptive  activity  extended  through  a  long  period  of 
time. 

The  isolated  remnants  of  these  great  flows  range  in  texture 
from  volcanic  breccia  and  surface  flows  to  deep-seated  granites, 
and  also  vary  in  amount  of  metamorphism  that  has  taken  place 
in  them  since  they  were  brought  to  the  surface.  The  problem 
undertaken  in  the  working  out  of  the  geology  of  these  isolated 
ledges  is  that  of  discovering  the  original  condition  of  these  con- 
genital rocks  and  mode  of  occurrence,  and  also  to  trace  the 
changes  they  have  undergone  since  their  solidification  at  the  sur- 
face. In  the  present  case  the  problem  is  pre-eminently  one  in 
metamorphism. 

The  mineral  composition  of  these  acid  rocks  is  simple.  Quartz 
and  feldspar  are  the  principal  constituents,  and  since  the  former 
undergoes  but  little  change,  our  attention  is  principally  directed 
to  the  metamorphism  of  the  f eldspathic  constituent  and  also  to 
the  change  in  the  general  texture  of  the  rock. 

The  microscopical  work  necessary  in  the  preparation  of  the 
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present  paper  lias  been  carried  on  in  the  petrological  laboratories 
of  the  nniyersity  of  Wisconsin  and  of  the  University  of  Chicago. 
I  am  under  obligations  to  Professors  0.  R.  Yan  Hise,  W.  SL 
Hobbs,  and  J.  P.  Iddings  for  kindly  aid  and  criticism  in  the 
prosecution  of  this  work. 


L    THE  UTLEY  METARHYOLITE. 

The  outcrop  of  rh jolite  at  Utile j  is  located  in  the  central  parfc 
of  Sec  86,  T.  15  X.,  R.  13  E.,  in  the  southeasitem  part  of  the 
town  of  Green  Lake  in  Green  Lake  county.  (See  map^  PL  L) 
It  consists  of  a  single  rounded  knob-like  area  rising  to  an  eleva- 
tion of  something  over  one  hundred  feet  above  the  surrounding 
small  valley  of  the  Grand  river,  and  is  a  noticeable  and  pictur- 
esque object  in  the  small  valley  in  which  it  occurs.  The  knob 
is  about  one-fourth  of  a  mile  in  length,  with  a  breadth  of  one- 
eighth  of  a  mile.  (PL  III.)  Its  almost  vertical  slopes  are 
rounded  and  worn  into  gentle  contours  by  the  polishing  action 
of  the  ice  of  the  glacial  periods.  Of  late  years  the  outcrop  haa 
supplied  large  quantities  of  macadam,  quarries  have  penetrated 
it  in  various  places,  and  it  is  a  question  of  only  a  few  yeara 
when  the  bluff  will  be  planed  down  to  the  level  of  the  surround- 
ing valley. 

The  previous  work  done  upon  this  area  has  been  of  a  most  genr 
eral  nature.  Chamberlin,^  in  1877,  visited  the  outcrop,  which 
was  at  that  time  known  as  the  Pine  Bluff  porphyry,  and  de- 
scribed the  topography  and  general  appearance  of  the  rock.  A 
detailed  study  of  the  rock,  of  course,  was  not  made  by  the  earlier 
geological  survey. 

GEOLOGY. 

Associated  sedimentaries.  The  formations  with  which  the 
rhyolite  is  associated  are  the  horizontal  deposits  of  sandstone  and 

^The  Quartz-Porphyry  of  Pine  Bluff,  by  T.  C.  Chsmberiin:  Geol.  of 
Wi8.,Vol.  II„p.  250. 
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1 .    Geological  map  of  the  Utley  metarhyolite  area.    The  area  mapped  is  '4  sq.  mile. 


2.    Section  through  the  Utley  metarhyolite  area.    Horizontal  distance  'a  mile.    Vertical 
distance  through  metarhyolite  100  feet. 
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limeBtone  of  the  Ordovician  syBtem.  limestoney  wMch  presum- 
ablj  belongs  to  the  Trenton  f ormation,  is  in  contact  Trith  the 
metarhyolite  on  its  eastern  slope  near  the  summit  A  short  dis- 
tance across  the  valley  below  this  limestone  the  Saint  Peter's 
sandstone  ontcrops  in  a  low  ridge.  Both  these  sedimentary  for- 
mations are  horizontal  and  lie  nnconf ormably  above  the  rhyolite. 
The  relations  of  these  formations  are  indicated  in  the  cross  sec- 
tion, PI.  m.  The  porphyry  knob  was  thus  an  island  in  the 
Paleozoic  seas,  around  which  the  sedimentaries  were  deposited. 

Type  of  rock.  In  its  composition  and  texture  the  Utley  rock  is 
a  rhyolite,  and  since  it  is  considerably  metamorphosed  it  will  be 
referred  to  as  a  metarhyolite,  in  conformity  with  the  usage  of  the 
U.  S.  Geological  Survey.  The  metarhyolite  is  massive,  and  of 
very  uniform  character.  It  is  very  dense  and  hard  and  easily 
breaks  with  a  conchoidal  fracture.  The  hard  and  brittle  charac- 
ter of  the  rock  is  a  quality  of  important  economic  value,  for  this 
rock,  as  stated  above,  is  used  extensively  for  macadamizing  pur- 
poses. In  the  adaptation  of  the  rhyolite  for  use  the  rock  is 
crushed  and  broken  into  small  fragments  of  various  sizes,  and 
the  quality  of  glassy  brittleness  adds  greatly  to  the  ease  of  such 
breaking.  In  color  it  is  uncommonly  dark,  the  groundmass  be- 
ing almost  black,  in  which  are  imbedded  abundant  phenocrysts 
of  quartz  and  feldspar.  The  large  and  numerous  crystals  of 
pinkish  white  feldspar  stand  out  in  marked  contrast  with  the 
black  groundmass  and  give  the  rock  a  veiy  pleasing  and  attrac- 
tive appearance.  The  feldspar  phenocrysts  vary  in  size  from  a 
fraction  of  a  millimeter  to  eight  and  even  ten  millimeters  in  di- 
ameter. 

The  quartz  phenocrysts  are  about  as  abundant  as  those  of 
feldspar,  possess  the  usual  limpid  appearance,  and  most  of  them 
have  good  crystal  form.  The  groundmass  is  very  dense  and  ap- 
pears almost  glassy  in  the  hand  specimen,  and  usually  does  not 
reveal  any  flowage  texture.  The  rock  cannot  be  cleaved  or  split 
with  ease  in  different  planes  and  no  evidence  of  secondary  cleav- 
age produced  by  pressure  is  visible  megascopically.  In  places, 
however,  fractures  are  quite  abundant  that  are  filled  with  sec- 
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ondary  material,  but  such  deformation  is  only  local  and  has  not 
affected  the  general  texture  of  the  rock. 

Structure  of  the  outcrop.  The  layers  of  spheroids.  The  out- 
crop has  a  structure  due  to  the  arrangement  of  the  lava  flows  of 
successive  extrusions.  Such  arrangement  of  the  successive  flows 
is  not  to  be  detected  in  the  normal  rock,  but  is  brought  out  dis- 
tinctly by  two  layers  of  spheroids  that  are  apparent  on  the  north- 
west side  of  the  knob. 

The  nature  of  the  layer  of  spheroids  is  that  of  a  thick  mass  of 
spheres  or  ellipsoids  of  rhyolite  in  a  matrix  of  similar  rhyolite. 
The  character  of  the  material  composing  the  spheroids  is  exactly 
like  that  of  the  mass  in  which  they  occur.  The  appearance  of 
such  a  structure  is  shown  in  PI.  VI.,  fig.  1.  The  origin  of  the 
spheroids  lies  in  the  common  spheroidal  parting,  along  which 
secondary  alteration  has  proceeded  in  such  a  manner  as  to  make 
the  spheroids  stand  out  as  small  nodules  that  are  usually  from  an 
inch  to  an  inch  and  a  half  in  diameter.  In  planes  cutting 
through  the  spheroids  alteration  along  the  parting  gives  the  ap- 
pearance of  circular  zones  of  varying  width  which  surround  an 
inner  core  of  rhyolite  in  appearance  like  that  without  the  zome. 
The  microscopic  appearance  of  the  spheroids  will  be  dwelt  upon 
later,  and  the  relation  of  the  spheroids  to  the  perlitic  parting  will 
also  be  considered. 

The  upper  layer  of  spheroids  is  well  outlined  by  a  thickness  of 
about  eighteen  inches  and  could  be  easily  traced  from  the  base 
to  the  summit  of  the  knob.  About  twenty-five  feet  below  the 
upper  bed  is  another  similar  bed  which  could  be  traced  for  only 
a  short  distance  on  accoimt  of  the  quarrying  of  the  rock  and  the 
accumulation  of  debris.  This  lower  layer  lies  in  a  plane  parallel 
to  the  upper  one  and  is  much  thicker  than  the  one  above,  but  is 
not  composed  of  such  densely  packed  spheroids.  Between  the 
two  layers,  a  distance  of  twenty-five  or  thirty  feet,  occur  numer- 
ous scattered  spheroids  mingled  with  a  large  number  of  angular 
fragments  of  porphyry  arranged  with  their  longer  axes  T)arallel 
to  the  plane  of  the  layers.  These  fragments  give  the  porphyry 
of  this  place  the  appearance  of  a  volcanic  breccia.     However,  it 
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is  dense  and  massive  and  nowhere  shows  any  trace  of  yesictdar 
texture.  The  presence  of  the  fragments  in  close  association 
with  the  layers  of  spheroids  indicates  the  surface  conditions  for 
the  development  of  spheroidal  parting.  Below  the  lower  layer, 
at  the  northeast  end  of  the  outcrop  as  well  as  above  the  upper 
bed  at  the  southwest  end,  the  rhyolite  contains  no  spheroids  nor 
fragments,  but  is  of  the  usual  normal  type. 

If  the  early  history  of  the  rhyolite  formation  is  not  misinter- 
preted, we  have  presented  in  this  small  outcrop  the  evidence  that 
a  cessation  occurred  in  the  general  extrusion  of  the  magma  dur- 
ing the  interval  marked  by  the  development  of  spheroidal  part- 
ing in  the  upper  part  of  the  extrusion  which  forms  the  lower  bed. 
This  was  followed  by  thin  sheets  of  lava  containing  angular  frag- 
ments of  a  similar  rock  with  a  sporadic  development  of  spher- 
oidal parting,  accumulating  to  a  thickness  of  about  thirty  feet. 
This  volcanic  breccia  extrusion  was  followed  by  a  period  of 
quiesence  in  which  the  upper  layer  of  spheroids  was  developed. 
This  again  was  followed  by  another  large  extrusion  of  magma 
producing  the  normal  rock  of  the  north  half  of  the  outcrop. 
The  beds  of  spheroids  and  volcanic  breccia  constitute  not  more 
than  5  per  cent,  of  the  whole  outcrop,  and  dip  about  60°  to  the 
southeast,  the  strike  being  somewhere  near  an  east-west  direc- 
tion. 

The  absence  of  any  marked  deformation  such  as  m ashing  has 
already  been  noted  in  the  normal  rock.  It  is  also  true  that  these 
beds  of  spheroids  have  been  folded  but  little,  if  any,  since  their 
extrusion,  as  evidenced  by  the  fact  that  they  extend  straight 
across  the  whole  knob.  The  absence  of  appreciable  dynamic 
metamorphism  in  the  Utley  formation  will  be  referred  to  again 
in  the  comparison  of  the  metamorphism  of  the  three  areas. 

Intrusion  of  dikes.  Two  small  dikes  of  greenstone  intrude 
into  the  rhyolite  at  its  northern  part.  The  dikes  run  in  parallel 
directions,  striking  15°  to  20°  east  of  north,  and  have  a  dip  of 
85°  to  the  west,  cutting  across  the  beds  of  spheroids.  The  larger 
dike  has  a  thickness  of  two  or  three  feet,  and  the  smaller  less 
than  a  foot.  The  greenstone  is  very  fine  grained,  and  is  made 
up  of  plagioclase,  amphibole,  calcite,  biotite,  and  chlorite.     The 
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plagioclase  is  yery  much  clouded  with  decomposition  products^ 
and  the  minute  crystals  of  hornblende,  biotite,  calcite,  and  chlor- 
ite are  all  very  likely  a  secondary  development  after  some  f erro^ 
magnesian  mineral,  for  their  relations  seem  to  point  to  a  common 
origin.  The  mineral  composition  of  the  greenstone  indicates 
that  it  is  probably  an  altered  phase  of  diorite  or  diabase. 

MICBOSCOPICAL    PETBOOSAFHT. 

The  thin  sections  of  the  metarhyolite  show  the  groundmaas  to 
be  lithoidal  in  character,  very  fine  grained,  but  nowhere  is  it  iso- 
tropic or  glassy.  The  fine  grained  groundmass  consists  of  feld- 
spar and  quartz  and  also  several  less  important  minerals  of  a  seo- 
ondary  nature.  Scattered  throughout  this  aphanitic  base  are 
numerous  phenocrysts  of  feldspar  and  quartz. 

Textures  of  the  rock.  The  metarhyolite  presents  several  tex- 
tures common  to  the  volcanic  rocks.  Some  of  these  textures  are 
everywhere  present,  while  others  have  but  local  development. 
In  the  discussion  of  the  microscopic  character  of  the  rhyolite  it 
becomes  of  importance  to  determine,  so  far  as  it  is  possible,  the 
origin  of  the  various  textures — ^that  is,  to  discriminate  those 
phenomena  which  are  of  primary  origin  from  those  that  are 
secondary.  In  such  determination  of  the  textures,  the  problem, 
is  extremely  difficult.  The  processes  that  are  effective  in  the 
crystallizing  of  rock  magmas  during  their  original  solidification, 
are  very  probably  not  very  different  from  those  that  develop  the 
secondary  phenomena.  For  example,  the  process  of  crystalliza- 
tion in  producing  an  original  lithoidal  texture,  is  very  probably 
aimilar,  and  the  resultant  texture  is  apparently  the  same  as  when 
devitrification  is  present,  produced  during  a  long  period  of  time. 

As  seen  under  the  microscope,  the  textures  of  the  porphyritio 
metarhyolite  are  those  of  perlitic  parting,  spherulitic  texture, 
poedlitic  texture,  and  fluxion  texture.  Some  of  these  have  but 
a  local  development,  while  others,  especially  the  fluxion  texture, 
are  present  throughout. 

Perlitic  parting.  Spheroidal  parting,  and  the  nature  of  the 
spheroids  or  nodular-Uke  areas,  has  already  been  described  in  the 
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hand  0peQunen,  and  its  occurrence  in  beds  of  the  outcrop.  There 
remains  to  be  described  the  corresponding  more  minute  structure 
known  as  perlitic  parting  as  it  appears  in  the  thin  section.  An 
example  of  this  structure  is  presented  by  the  photograph  of  PL 
VI.,  fig.  2,  in  ordinary  light.  In  the  centre  of  the  field  is 
shown  a  circular  line  or  zone  about  an  inch  in  diameter,  at  one 
end  of  which  is  another  smaller  circle,  in  part  bounded  and 
wholly  enclosed  by  the  larger.  Similar  examples  occur  in  other 
sections  in  which  the  perlites  are  smaller  and  more  nearly  spher- 
ical, and  also  some  bounded  by  various  curvilinear  forms  of  dif- 
ferent dimensions. 

Perlitic  parting,  since  it  has  its  origin  in  rapid  cooUng  and 
<3on8equent  contraction  of  an  uncrystallized  base,  is  usually  con- 
sidered as  undoubted  evidence  of  the  once  glassy  character  of  the 
rock  in  which  it  occurs.  The  rock  must  also  have  attained  a 
solid  and  rigid  condition  to  allow  the  development  of  such  a 
structure.  But  following  these  perlitic  fractures,  devitrification 
has  been  active,  and  a  characteristic  and  persistent  fibrous  ar- 
rangement of  the  minute  feldspar  laths  has  been  developed  ex- 
tending normal  to  the  cracks.  It  has  been  noted  in  the  perUtic 
parting  of  fresh  glasses  that  minute  fractures  are  induced  nor- 
mal to  the  major  parting.  Along  these  minute  fractures  these 
mineralizing  agents  could  be  introduced  and  re-crystallization 
would  readily  take  place. 

There  are  thus  superimposed  upon  these  original  perlite 
tracks,  zones  of  secondary  fibres  of  feldspar  and  perhaps  some  of 
quartz,  which  are  shown  fairly  well  in  PL  VI.,  fig.  2.  In  this 
figure  a  dark  line  made  up  of  minute  specks  of  iron  oxide  and 
biotite  marks  the  position  of  the  original  fracture.  Sometimes 
in  the  smaller  perlites  these  fibres  of  feldspar  have  so  developed  ^ 
that  they  meet  in  the  centre,  forming  spherulites  whose  origin 
has  been  from  the  outer  boundary  inward. 

Mention  has  already  been  made  of  the  spheroids  as  seen  in  the 
hand  specimen  and  shown  in  PI.  VI.,  fig.  1,  and  the  corre- 
sponding more  minute  structure  of  the  perlites.  It  is  believed 
that  the  spheroids,  like  the  perlites,  are  due  to  spheroidal  part- 
ing, caused  by  contraction  during  the  process  of  cooling  and 
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crystallizmg  of  the  magnuu  The  spheroids^  however,  show  no 
Tsdial  arrangement  of  feldspar  along  the  spheroidal  parting,  so 
far  as  was  observed,  but  instead  ahow  a  zone  of  weathering  or  al- 
teration about  one-fourth  inch  in  width,  which  forms  alonir  the 
spheroidal  parting.  The  weathered  zone  along  the  fractures  is 
of  lighter  colored  material  than  the  general  mass  of  the  rock,  as- 
shown  in  the  figure.  The  spheroidal  fracturing  allows  the  easy 
access  of  water  solutions,  and  hence  the  alteration  along  these 
partings.  The  microscopic  texture  of  the  spheroids  is  like  the 
general  porphyritic  texture  of  the  rhyolite. 

Well  developed  spherulites  occur  in  the  metarhyolite  of  Mar- 
cellon  and  Marquette.  These,  however,  are  not  to  be  confused 
with  the  spheroids  of  the  TTtlej  area.  Although  there  is  a 
fibrous  arrangement  of  the  feldspar  in  the  related  finer  texture 
of  the  perlites,  yet  in  the  larger  spheroids  there  is  an  absence  of 
radial  arrangement  of  its  constituents,  while  the  spherulites  of 
all  sizes  are  made  up  of  densely  packed  divergent  fibres.  In  the 
weathered  hand  specimens  the  nodules  and  spherulites  often  look 
much  alike,  but  on  the  fresh  surface  a  difference  can  be  noted, 
and  with  the  thin  sections  under  the  microscope  there  is  no  need 
of  confusing  the  two  phenomena. 

It  very  often  happens  that  the  fracturing  of  the  rock,  due  to 
the  contraction  of  the  glass,  does  not  produce  complete  circular 
forms,  as  seen  in  cross-section,  but  only  part  of  circles  and  other 
curvilinear  forms.  In  fact  it  is  probable  that  many  short  curved 
fractures  would  be  formed  while  but  few  perfect  perlites  would 
be  developed.  It  is  very  often  the  case  that  triangular  areas,  as 
seen  in  section,  are  produced,  bounded  by  three  fractures  that 
are  concave  inwards.  Such  concave  triangular  areas  are  as 
conmion,  if  not  more  so,  than  the  circular  partings  of  the  per- 
lites. Devitrification  takes  place  along  these  short  fractures  and 
triangular  areas,  and  there  are  developed  curved  strips  and  tri- 
angular areas  of  fibres  as  well  as  zones  in  circular  shapes.  Such 
a  texture  of  devitrification  products  is  shown  to  some  extent  in 
the  above  mentioned  photograph,  PI.  YI.,  fig.  2.  In  fact  the 
texture  here  described  is  very  similar  to  that  noted  by  Miiigge^  in 

1 N.  J.  fur.  Min.,  B.  VIII.,  1893,  p.  648,  Fig.  4,  and  PI.  24  and  25. 
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the  "Lenneporphyre"  and  termed  by  him  ^i 
and  which  he  explains  as  fragments  of  glass  that  have  become  de- 
vitrified  or  pseudomorphosed  by  feldspar  and  quartz.  G.  O. 
Smith^  and  F.  Bascom^  also  describe  structures  similar  to  that 
described  by  Mflgge  as  occurriog  in  devitrified  acid  volcanics  of 
Maine  and  Pennsylvania.  Miigge,'  who  describes  this  structure- 
quite  fully,  says  of  it :  "Die  Aschentheilchen  sind  keulenf 6rmig 
und  sickelf  ormig^  auch  ringf  ormige  Stticke  kommen  vor.  Ihre 
Ftillsubstanz  ist  zum  grossen  Theil  offenbar  Quarz,  zum  an- 
deren  Theil  Plagioklas.  Dieser  ist  in  manchen  Aschentheilchen 
ringsmn  vom  Rande  her  in  Stangeln  in  das  Innere  hineinge- 
wachsen,  wahrend  das  Centrum  von  Quarzmosaik  erftlhlt  ist 
(Tafel  XXVIL,  Fig.  41)."  The  destription  given  by  Mtigge 
conforms  closely,  if  not  exactly,  to  the  appearance  of  many  of  the- 
sections  of  the  Utley  rock. 

Rutley*  refers  to  a  similar  structure  in  devitrified  rhyolites,  in 
a  rock  in  which  perlitic  parting  also  occurs.  In  those  rocks  de- 
scribed by  Smith^  and  also  those  by  Bascom®  perlitic  parting  is 
noted.  While  it  is  very  possible  that  the  explanation  that 
Mtigge  offers  is  true  for  the  "Lenneporphyre,"  yet  in  the  Utley 
metarhyolite  there  seems  to  be  a  genetic  relation  between  per- 
litic parting  and  the  sicklenshaped  triangular-concave  and  circu- 
lar bands  of  feldspar  lamellae. 

Spherulitic  texture.  The  spherulites  are  not  numerous  nor 
very  well  defined.  They  are  of  two  kinds,  those  that  have  a  well 
defined  outer  boundary,  and  those  whose  outer  boundary  is  ob- 
scure. The  first  variety  has  been  mentioned  in  connection  \rith 
the  perlitic  parting.  Where  the  zone  of  well  defined  fibres  of 
feldspar  occur  along  the  perlitic  cracks,  and  where  these  fibres 
are  developed  far  enough  to  reach  the  centre,  a  typical  spheru- 

>  Geology  of  the  Fox  Islands,  Maine,  by  O.  O.  Smith:  p.  39,  PI.  I.,  Fig.  4. 
'  The  Ancient  Volcanic  Rocks  of  South  Mountain,  Penn.,  by  Florence^ 
Basoom:  Bull.  U.  S.  O.  S.,  No.  136,  p.  54. 
»N.  J.  fur.  Min.  B.  VIII.,  1883,  p.  713. 
*Q.  J.  G.  S.,  Vol.  37,  p.  406,  Figs.  1  and  2. 
•1.  c.  p,  61. 
•1.0.  p.  55. 


Digitized  by  LjOOQIC 


12    IGNEOUS    ROCKS    OF    THE    FOX    RITER    VALLET. 

lite  is  produced.  They  have  a  distinct  radial  arrangement  of 
the  feldspar  laths^  but  do  not  show  the  cross  under  the  niools  as 
«do  some  spherulites  of  original  crystallization. 

The  second  variety  of  spherulites  is  much  larger  than  those 
just  described.  The  fibres  of  feldspar,  with  perhaps  some  of 
•quartz,  radiate  from  the  centre  and  do  not  have  a  well  outlined 
boundary,  but  grade  into  the  fine  grained  base.  These  are  prob- 
ably a  product  of  the  original  crystallization,  although  they  may 
be  due  to  a  process  of  devitrification. 

Poecilitic  texture.  This  texture  is  well  shown  in  many  of  the 
sections.  This  mottled  or  patchy  appearance  of  the  groundmass 
common  to  many  volcanic  rocks  is  due  to  an  intricate  inter- 
growth  of  feldspar  of  slightly  different  orientation  or  of  feldspar 
and  quartz.  It  is  usually  considered  of  secondary  origin,  and 
the  large  amount  of  devitrification  and  metamorphism  mani- 
fested in  the  TTtley  rock  would  seem  to  indicate  that  this  texture 
is  here  very  probably  secondary. 

Fluxion  texture.  The  delicate  and  sinuous  lines  of  flow  so 
<50zmnon  in  lavas,  are  everywhere  present  in  this  metarhyolite. 
In  some  sections  it  is  well  marked,  and  in  others  it  is  unimportant 
and  iU  defined.  This  texture  is  not  apparent  megascopically,  as 
previously  noted.  It  consists  of  streaks  and  lines  of  minute 
grains  of  iron  oxide,  biotite,  and  opaque  specks.  While  there 
<san  be  no  doubt  that  the  most  of  this  texture,  as  it  now  appears, 
was  produced  previous  to  the  original  solidification  of  the  rock, 
still  there  is  also  a  great  deal  of  it  that  is  due  to  devitrification. 
This  secondary  process  has  developed  and  accentuated  flow  lines 
in  places,  and  modified  them  more  or  less.  The  series  of  changes 
that  has  been  referred  to  in  describing  the  perlitic  and  so-called 
"Aschenstructur''  undoubtedly  tends  to  distribute  the  opaque 
material  and  iron  oxide  and  secondary  mica  in  irregular  lines, 
•either  along  perlitic  cracks,  or  about  older  constituents  of  the 
groundmass.  The  minute  flakes  of  biotite  that  have  gathered 
about  the  comers  and  angles  of  the  phenocrysts  of  feldspar,  ar- 
ranged in  a  parallel  direction,  give  a  general  appearance  of  flow 
4ibout  such  phenocrysts.  The  so-called  ^^glass  sherds"  now  de- 
vitrified,  usually  have  an  irregular  parallel  arrangement  that 
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tends  to  simulate  an  original  fluidal  texture.  Of  course,  there 
can  be  no  doubt  that  this  rhjolite  possesses  a  more  or  less  orig^ 
inal  fluxion  texture,  but  it  is  also  very  clear  that  a  great  deal  of 
this  texture  is  due  to  the  parallel  orientation  of  the  secondary 
biotite  about  the  phenociysts  and  secondary  devitrification  along 
partings  and  fractures  in  the  ^rroundmass. 

The  feldspar  phetwcrysis.  The  nature  of  the  feldspar  phen- 
ocrysts  is  somewhat  peculiar  and  of  especial  interest.  Porphyrir 
tic  minerals  as  a  rule  possess  good  crystal  forms,  but  in  the  Utley 
rock  most  of  the  phenocrysts  of  feldspar  have  a  wavy  and 
rounded  outline,  and  have  apparent  embayments  and  rounded 
extensions  which  project  out  into  the  groundmass.  While  the 
irregularity  in  outline  of  the  phenocrysts  may  be  due  in  part,  as^ 
it  often  is,  to  magmatic  corrosion,  yet  in  this  case  it  finds  its  ex- 
planation mainly  in  another  source,  which  will  be  dwelt  upon 
later. 

Polysynthetic  twinning,  which  is  the  conmion  characteristic  of 
plagioclase,  is  conspicuously  absent  in  most  of  the  feldspar  of 
this  rock.  On  the  other  hand,  under  a  low  power  of  the  micro- 
scope, the  phenocrysts  appear  to  be  mottled  and  have  a  patchy 
extinction.  With  the  application  of  a  higher  power,  this  mot- 
tled appearance  is  seen  to  be  due  to  an  intergrowth  of  different 
varieties  of  feldspar,  each  part  having  a  characteristic  orienta- 
tion. 

As  a  rule  the  phenocryst  is  made  up  of  but  two  varieties,  but 
sometimes  it  has  the  appearance  of  being  composed  of  three  dif- 
ferent species.  These  interlocking  species  of  feldspar  produce^ 
a  typical  perthitic  structure  which  resembles  that  described  quite 
fully  by  BrOgger,^  and  also  by  Zirkel  and  Eosenbusch  in  their 
text  books,  under  the  terms  perthite,  microperthite,  and  crypto- 
perthite.  Under  these  terms  various  forms  of  these  inter- 
growths  have  been  described,  some  quite  similar  to  those  occur- 
ring in  the  Utley  rock,  while  others  are  quite  different.  Though 
the  microperthite  has  the  same  general  characters  throughout  the 
Utley  rhyoKte,  yet  it  shows  some  variation,  and  there  is  a  not- 


>  Zeit.  f .  Eryst.  B.    16,  pp.  521-560. 
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able  difference  between  the  IJtley  microperthite  and  that  in  the 
coaisel J  crystalline  granite  of  Waushara. 

Ghetnical  composition  of  the  feldspar.  The  composition  of 
the  feldspar  is  one  of  interest,  and  corresponds  'with  the  physical 
properties  of  the  mineral,  as  well  as  the  composition  of  the  meta- 
rhyolite  as  a  whole.  Below  is  given  the  analysis^  of  the  entire 
feldspar  and  also  that  of  the  rhyolite  in  which  it  occurs: 


I. 

II. 

SiO, 

/vg:S 

7.20 
5.52 
5.11 
1.32 

>^.20 

18.00 

11.61 

9.86 

5.48 

.80 

Al,  0, 

N,0.. 

CbO 

K,0 

Fe,  O, 

99.84 

SiO... 

FeO.. 
CaO.. 
Mg  O. 
Na,  O. 
K,  O.. 
H,  O.. 


III. 


73.09 
13.43 
2.57 
i8.57 
2.88 
1.03 
3.85 
1.56 
.72 


98.55 


I.    Feldspar. 

II.    Molecular  ratio  of  constituents  of  feldspar. 
III.    Utley  metarhyolite. 

The  material  for  the  analysis  was  picked  out  by  hand  from 
crushed  parts  of  the  rhyolite  that  contained  very  large  feldspar 
phenocrysts.  These  phenocrysts  varied  in  size  from  one-eighth 
of  an  inch  to  one-half  inch  in  diameter.  They  could  be  easily 
distinguished  from  the  black  groimdmass  and  the  crystals  of 
quartz,  for  the  latter  constituent,  like  the  feldspar,  was  com- 
posed of  free  individuals  in  the  groundmass.  A  small  amount 
of  the  groundmass,  however,  clung  to  the  pieces  of  feldspar  and 
was  included  in  the  substance  analyzed.  Less  than  1  per  cent,  of 
quartz  and  2  or  3  per  cent,  of  groundmass  is  a  large  estimate  of 
the  foreign  substance  included  in  the  above  analysis.  Of  the 
lime-alkali  constituent  of  the  feldspar  it  will  be  seen  that  the 
aoda  is  the  most  abundant,  lime  next,  and  potash  the  least.    The 

>  The  writer  is  indebted  to  Mr.  C.  F.  Tolmsn  of  the  Univ.  of  Chicago  for 
the  analysis  of  the  feldspar. 


Digitized  by 


Google 


TEE    VTLEY    METARHTOLITE.  ^5 

molecular  ratio  of  these  three  constituents  is  as  follows :  XagO  : 
CaO  :  K2O  ::  11,61  :  9.86  :  6.43. 

The  feldspar  thus  is  a  soda-lime  feldspar  with  a  considerable 
amount  of  potash.  We  have  seen  that  the  f  eldspathic  constitu- 
ent is  not  a  simple  one^  for  it  is  made  up,  for  the  most  part,  of 
two  species  in  close  intergrowth.  One  species  has  the  extinction 
Angle  and  the  composition  of  the  soda-f  eldspar,  albite,  and  the 
•other  species  has  the  extinction  of  oligoclase-andesine.  We 
have  no  reason  to  believe  that  any  orthoclase  is  present,  for  the 
twinning  habit  and  cleavage  throughout  is  that  of  the  tricUnic 
feldspar.  It  seems  very  probable  that  the  lime,  soda,  and  potash 
«nter  into  both  species  to  some  extent,  although  it  is  to  be  ex- 
pected that  the  potash  and  most  of  the  soda  enters  into  the  albite 
and  the  lime  into  the  more  basic  species.  The  composition  of 
the  feldspar  will  be  referred  to  again  in  discussing  the  origin  of 
the  microperthite. 

A  comparison  of  the  feldspar  analysis  with  that  of  the  meta- 
rhyolite  is  given  above.  Since  from  5  to  10  per  cent,  of  the  rock 
is  made  up  of  pure  silica,  as  represented  in  the  quartz  pheno- 
crysts,  a  fairly  close  agreement,  as  should  be  expected,  is  to  be 
noted  in  the  rhyolite  magma  and  the  f eldspathic  constituent. 

Nature  of  the  microperthite.  A  typical  microperthitic  feld- 
spar of  the  Utley  metarhyolite,  as  it  appears  in  polarized  light, 
is  shown  in  PL  VII.,  fig.  1.  In  this  photograph  the  feldspar 
shows  a  good  crystal  form.  The  section  is  cut  approximately  in 
the  plane  of  the  brachy-pinacoid  (  ooPob  )  on  the  M  face,  and 
shows  the  cleavage  parallel  to  the  basal  pinacoid  (OP).  A 
bisectrix  emerges  almost  normal  in  this  section,  and  the  angle  of 
extinction  for  the  adrk  part  was  found  to  be  from  +3^  to  +6^, 
and  that  of  the  light  part  about  +19^.  The  dark  part,  although 
penetrating  the  parts  not  in  total  extinction  in  finger-like  areas, 
is  bounded  by  plane  surfaces  and  has  a  greater  length  in  the  di- 
rection of  the  c  axis  of  the  phenocryst.  The  dark  part,  although 
not  shown  so  well  in  the  figure,  is  likewise  bounded  by  prisms, 
domes,  and  pinacoids  similar  to  the  large  phenocryst  of  which 
the  two  varieties  are  a  part.  The  light  part  which  extinguishes 
at  an  angle  of  -1-19^  has  the  extinction  angle  of  albite  of  the 
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formula  Ab.     The  dark  part  with  an  extinction  angle  of  from 
+3^  to  +6°  is  oligoclase-andesine  of  the  formula  AbsAn^. 

In  fig.  1  there  is  shown  a  crystal  of  the  microperthite  twinned 
according  to  the  Mannebacher  law,  the  composition  plane  being 
parallel  to  the  basal  cleavage,  and  the  section  fortunately  cut 
parallel  to  the  brachy-pinacoid  (  ooPdb  )  and  almost  normal  to 
a  bisectrix.  In  this  crystal  the  relation  of  the  perthitic  inter- 
growth  to  the  axes  of  symmetry  is  clearly  indicated.  On  the  M 
face  the  extinction  angle  for  one  part  is  +(17°  to  19°)  and 


Fia.  1.— Crystal  of  mieroperthite,  Mannebacher  twins,  cut  parallel  to  «PS,  abowinf 
the  character  and  relation  of  the  perthite  inter-growths  and  their  planes  of  extino 
tion. 

for  the  other  part  +(5°  to  7°).     On  the  M  the  extinction  angle 
for  one  variety  is  +(19°  to  21°)  and  for  the  other  +(5°  to  8°). 

The  striations  which  appear  in  ordinary  light,  or  the  longer 
axes  of  the  perthitic  growths,  shown  better  imder  the  crossed 
nicols,  make  angles  with  the  basal  cleavage  as  follows: 

On  M  111°  to  113°. 

On  M  119°  to  121°. 
This  angle  is  the  angle  /3,  which  in  the  acid  plagioclase  ia 
116°  25'  =t  4,',  The  apparent  discrepancy  is  due  to  the  fact  that 
the  section  is  not  cut  exactly  in  the  plane  of  the  ooPob  but  is- 
slightly  oblique  to  it  To  this  obliquity  is  also  due  the  slight 
difference  in  the  extinction  angles  of  the  perthitic  growths  of 
the  upper  and  lower  twin.  That  part  which  extinguishes  at 
+(17°  to  19°)  and  +(19°  to  21°)  has  an  average  of  19°  which 
corresponds  with  the  plagioclase  albite  of  the  formula  Ab.     The 
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part  with  lower  angle  of  extinction  +  (5^  to  7^)  is  oligoclaae 
AbsAn^.  These  small  growths  of  albite  and  oligoclase,  as  a 
mle^  have  good  crystal  forms  and  interlock  with  one  another  in 
dose  intergrowth.  Thej  are  bounded  by  prifims,  domes^  and 
pinacoids,  and  have  a  regular  arrangement  in  the  phenocryst 
which  they  compose. 

A  search  was  made  through  the  thin  sections  to  discover^  it 
possible^  whether  there  was  any  tmif  ormity  in  composition  of  the  ^ 
perthitic  growths  as  indicated  by  the  angle  of  extinction.  For 
this  purpose  phenocrysts  were  examined  that  were  cut  parallel  to 
the  brachy-pinacoid  (ooPob)  showing  basal  cleavage  and  ft 
normal  bisectrix.  At  the  same  time  it  was  soon  noted  that  such 
sections  always  showed  the  perthitic  growths  with  their  longer 
axes  parallel  to  the  c  axis  of  the  phenocryst,  which  was  another 
important  aid  in  discovering  the  orientation  of  the  crystaL  The 
result  of  such  examination  of  sections  cut  parallel  to  the  brachy- 
pinacoid  was  as  follows : 
Microsection  4379. 

One  part  has  extinction  angle  of  +(19^  to  22^),  albite,  Ab. 

Other  part  has  extinction  angle  of  —(3°  to  8^),  oligoclase-al- 
bite,  Ab2Ani. 
Microsection  3850. 

One  part  has  extinction  angle  of  +(19^  to  20°),  albite,  Ab. 

Other  part  has  extinction  angle  of  +(10°  to  13°),  oligoclase- 
albite,  AbeAn^. 
Microsection  3860  (another  crystal). 

One  part  has  extinction  angle  of  +(17°  to  19°),  albite,  Ab. 

Other  part  has  extinction  angle  of  +(4°  to  5°),  oligodase, 
AbsAu}. 
Microsection  3839. 

One  part  has  extinction  angle  of  +(19°  to  23°),  albite,  Ab. 

Other  part  has  extinction  angle  of  +(6°  to  11°),  oligoclase^ 
Ab4Ani. 
Microsection. 

One  part  has  extinction  angle  of  +(28°  to  24°),  albite,  Ab. 

Other  part  has  extinction  angle  of  +(8°  to  9°),  oligodase, 

AbsAn^. 
BOOKS  2. 
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Microsection  3847.     Fig.  1,  Mannebacher  twins. 

Upper  twin.  One  part  has  extinction  angle  of  +(17°  to  19°), 
albite,  Ab. 

Other  part  has  extinction  angle  of  +(5°  to  7°),  oligoclase, 
AbsAn^. 

Lower  twin.  One  part  has  extinction  angle  of  +(19°  to  21°), 
albite,  Ab. 

Other  part  has  extinction  angle  of  +(5°  to  8°),  oligoclase, 
AbgAn^. 

From  the  above  examination  it  can  be  seen  that  there  is  a  close 
approach  to  uniformity  in  the  angle  of  extinction  of  the  perthitic 
varieties.  The  apparent  non-uniformity  is  due  in  part  at  least, 
to  the  section  being  cut  somewhat  oblique  to  the  brachy-pina- 
coid.  But  it  is  quite  obvious  that  there  are  present  as  perthitic 
growths  two  well  marked  and  distinct  species  of  feldspar,  one 
species  being  albite  and  the  other  oligoclase  or  oligoclase-an- 
desine.  These  intergrowths  not  only  possess  a  typical  crystal 
form  but  also  have  a  common  symmetry  for  both  optical  and 
crystallographic  properties.  This  common  symmetry  also,  as  in- 
dicated by  the  cleavage  system,  crystal  outline,  and  twinning,  is 
that  of  the  phenocryst  of  which  the  perthitic  growths  are  a  part. 

In  sections  that  are  not  cut  parallel  to  the  brachy-pioacoid 
the  growths  appear  to  be  irregular,  due  to  the  interpenetration  of 
the  two  species  and  the  merging  of  planes  of  extinction.  But 
for  each  crystal,  however  the  section  is  cut,  there  is  probably  a 
regular  arrangement  of  the  growths. 

The  origin  of  the  microperthite.  The  origin  of  perthitic 
feldspar  is  a  disputed  question.  Some  authors  hold  that  such 
growths  are  original,  a  few  that  they  are  secondary,  and  others 
that  the  growths  may  be  sometimes  original  and  sometimes  sec- 
ondary. 

Perthite  was  first  described  from  Perth,  Canada,  as  a  new 
species  of  feldspar,  but  later  it  was  found  that  this  perthite  was 
merely  an  intergrowth  of  orthoclase  and  albite  and  supposedly 
original.  Since  this  first  mention  of  perthite  numerous  exam- 
ples of  its  occurrence  have  been  noted  by  many  authors.  The 
perthites  described  in  this  paper,  are  of  somewhat  varying  char- 


Digitized  by  LjOOQIC 


THE    VTLEY    METARHTOLITE, 


19 


acter  and  deyelopment^  and  present,  it  is  believed,  at  least  the 
principal  structures  of  perthite  that  have  been  described  else- 
where. Since  the  conclusions  arrived  at  are  somewhat  different 
from  those  expressed  by  some  observers,  it  is  thought  best  to  give 
AS  full  a  description  as  possible  of  the  occurrence  in  the  Utley 
metarhyolite,  and  the  described  adjacent  areas,  and  then  give  a 
resum^  of  some  of  the  differing  and  concordant  ideas  held  by 
previous  investigators. 

To  some  extent  the  nature  of  the  microperthite  has  already 
been  noted,  but  this  will  be  further  dwelt  upon  as  the  methods  of 
origin  are  described. 

The  development  of  the  perthitic  intergrowths  has  been  sub- 
sequent to  the  solidification  of  the  magma,  and  has  been,  in  good 
part  at  least,  later  than  certain  movements  of  the  magma  and 
processes  of  alteration  that  have  affected  the  rock.  In  the  Utley 
area  this  secondary  development  of  the  perthite  has  been  brought 
about  in  three  ways,  differing  slightly  from  one  another,  yet 
all  by  similar  processes  of  secondary  crystallization.  These 
processes  have  developed  the  intergrowths  as  follows:  (1)  As 
secondary  enlargements  or  outgrowths  upon  older  crystals  of 
plagioclase;  (2)  As  secondary  intergrowths  or  regeneration  of 
older  plagioclase;  and  (3)  As  complete  phenocrysts  in  the 
.groundmass.  These  various  developments  were  very  probably 
contemporaneous,  whether  built  up  from  the  groimdmass  or 
from  the  already  crystallized  plagioclase. 

(1)  As  secondary  enlargement  or  outgrowth.  In  the  photo- 
;graphs  of  PL  VIII.,  figs.  1  and  2,  are  shown  enlargements  of 
microperthite  about  older  plagioclase.  In  fig.  1  the  phenocryst 
is  shown  under  the  cross  nicols,  and  cut  somewhere  near  the 
plane  of  the  macro-pinacoid,  showing  the  albite  twinning.  The 
figure  shows  an  inner  core  of  plagioclase  of  crystal  form,  sur- 
rounded by  a  thick  margin  of  microperthite.  The  latter  is 
made  up  of  small  laths,  wedges,  and  spindles  of  feldspar  ar- 
ranged with  their  longer  axes  in  the  direction  of  the  c  axis  of  the 
inner  core  of  plagioclase.  This  core,  which  shows  the  albite 
twinning,  is  fractured  and  the  fractures  are  filled  with  dark  col- 
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ored  material,  biotite  and  iron  oxide.  The  fractures  and  decom- 
position products  of  the  core  are  shown  better  in  ordinary  light* 
The  fractures  are  limited  to  the  core  crystal,  and  in  minute  pel- 
lucid areas  crystals  of  calcite  and  sericite  are  scattered  through- 
out the  core,  and  there  is  an  abundance  of  biotite  in  the  frac- 
tures. These  decomposition  products  and  fractures  are  conspic- 
uously absent  in  the  rim  of  microperthite. 

In  PI.  Vm.,  fig.  2,  is  a  similar  crystal,  in  ordinary  lights 
showing  a  zone  of  microperthite  surrounding  a  core  of  plagio- 
clase,  the  latter  twinned  according  to  both  the  Carlsbad  and  al- 
bite  laws.  The  microperthitic  rim  is  composed  of  laths  with 
their  longer  axes  parallel  to  the  c  axi3  of  the  core,  and  approach 
the  orientation  of  the  Carlsbad  twins  with  which  they  come  in 
contact.  The  inner  core  is  seen  to  be  filled  with  ^ood  sized  black 
areas  of  biotite  and  iron  oxide,  and  colorless  crystals  of  calcite 
and  sericite,  and  angular  translucent  dots.  In  the  lower  left 
hand  part  of  the  core,  are  several  fractures  running  from  right 
to  left  that  do  not  penetrate  into  the  outer  rim.  To  the  right,, 
within  the  rim,  is  a  large  black  area,  iron  pyrite,  around  which 
the  microperthite  has  not  wholly  succeeded  in  growing.  The 
dark  areas  within  the  core  are  wholly  biotite. 

Examples  other  than  these  were  noted,  showing  enlargements 
of  microperthite  that  did  not  wholly  surround  the  core.  Some 
few  plagioclases  of  small  size  were  found  that  were  free  from 
perthitic  feldspar,  and  it  is  a  noteworthy  fact  that  without  ex- 
ception the  plagioclase  shows  considerable  decomposition,  con- 
taining flakes  of  the  micas  and  microlites,  while  the  mi- 
croperthite in  the  same  section  is  of  fresh  appearance  and  free 
from  alteration  products.  But  in  the  above  described  sections^ 
PL  VIII.,  figs.  1  and  2,  the  true  relation  of  the  perthite  to  the 
cldor  constituents  is  clearly  shown.  The  older  phenocrysts  are 
plagioclase  and  were  fractured  and  considerably  altered  before 
the  growth  of  the  microperthite  about  them. 

(2)  As  secondary  intergrowths,  or  regeneration  of  older 
plagioclase.  This  method  of  development  is  shown,  to  some  ex- 
tent in  PI.  VIII.  5  fig  1 .     In  the  lower  left  hand  corner  of  the  in- 
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ner  core,  above  the  dark  line  that  separates  the  core  from  the 
jim^  can  be  seen  a  mottled  area  like  the  perthite  of  the  rim. 
This  area  extends  upwards  to  the  lower  fracture  of  the  core,  and 
is  made  up  of  laths  with  their  axes  parallel  to  the  c  axis  of  the  in- 
ner core^  and  is  similar  in  appearance  to  the  perthite  in  the  rim. 

In  fig.  2  this  method  of  change  is  also  shown.  In  this  figure 
there  is  presented  a  feldspar  phenocryst  of  crystal  form,  with- 
out enlargement  of  perthite.  The  upper  and  left  hand  part  of 
the  phenocryst  is  microperthite  without  decomposition  products. 
The  lower  and  right  hand  part  is  twinned  plagioclase  conspicu- 
ously filled  with  alteration  products,  large  crystals  of  brown  bio- 
tite,  and  translucent  microlites.  The  twinning  of  the  plagioclase 
is  according  to  the  pericline  law,  the  c  axis  running  from  right  to 


Vio.  2.— Feldspar  phenocryst  showing  process  of  alteration  from  plagioclase  to 

microperthite. 

left  in  the  figure.  The  pericline  twinning  may  be  secondary, 
iurther  evidence  of  the  secondary  origin  of  which  is  presented 
in  a  similar  phenocryst  shown  in  fig.  3.  In  fig.  2  the  section  is 
cut  somewhere  near  the  plane  of  the  niacro-pinacoid,  oo  P  (». 
The  perthitic  intergrowths  appear  as  laths  and  spindles,  and  are 
arranged  with  their  longer  axes  parallel  to  the  pericline  twins, 
and  distributed  in  bands,  from  ri^ht  to  left  in  the  figure,  and 
seem  to  be  governed  by  what  may  be  the  original  albite  twin- 
ning. It  is  impossible  to  tell  from  sections  cut  through  the 
plane  of  the  macro-pinacoid  whether  the  orientation  of  the  per- 
thitic growths  is  the  same  as  that  of  the  older  plagioclase  or  not. 
But  it  seems  apparent  that  the  arrangement  of  the  perthite  is 
governed  by  the  twinning  and  synmietry  of  the  older  plagioclase. 
In  fig.  3  the  relation  of  the  original  and  secondary  twinning 
and  the  microperthite  is  perhaps  better  shown.     Figures  2  and 
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3  are  of  pheiiocrysts  from  the  zone  or  beds  of  spheroids,  which 
seems  to  have  been  an  area  of  weakness  in  the  rhyoKte  forma- 
tion, for  it  shows  more  evidence  of  dynamic  deformation,  as  well 
as  weathering,  than  any  other  part  of  the  outcrop. 

In  the  crystal  of  fig.  3  there  is  evidence  of  deformation  of  a 
kind  not  seen  in  fig.  2,  which  is  represented  by  the  central  zone 
of  fracture  marked  d.  The  history  of  this  phenocryst  is 
thought  to  be  about  as  follows.  The  original  plagioclase  crystal,, 
twinned  according  to  the  albite  law,  was  subjected  to  pressure,  as 
evidenced  by  the  zone  of  deformation  and  fracture  across  the 
middle,  and  probably  produced  the  twinning  at  the  ends  of  the 
crystal.  Previous  to  the  growth  of  microperthite,  alteration  to 
biotite,  sericite,  and  microlites  had  taken  place  in  the  older 
twinned  feldspar.     The  two  areas  marked  a  are  the  remaining 


Fio.  3.— A  bent  feldspar  phenocryst  showing  alteration  of  the  plagioclase  to 

microperthite. 

traces  of  the  albite  twins,  the  two  areas  marked  b  are  the  rem- 
nants of  the  pericline  twins,  the  parts  marked  c  are  microper- 
thite, showing  the  laths  of  new  feldspar  which  have  developed 
in  the  planes  of  the  pericline  twins.  The  part  marked  d  across 
the  centre,  shows  fracturing,  and,  like  the  microperthite,  is  al- 
most wholly  free  from  secondary  products.  The  zone  of  frac- 
tured feldspar,  like  the  microperthite,  owes  its  clearness  to  re- 
crystallization,  which  process  in  the  zone  of  fracture  has  been 
aided  by  pressure  and  mechanical  movement,  as  is  exhibited  in 
the  mashed  clear  feldspar  phenocrysts  of  the  Berlin  rhyolite- 
gneiss. 

We  have  thus  seen  in  figs.  2  and  3,  as  well  as  in  PL  VJJJL,  fig* 
1,  that  the  microperthite,  as  evidenced  by  its  relation  to  the 
plagioclase,  is  a  product  of  regeneration,  as  it  were,  of  the  orig- 
inal feldspar.     This  development  is  always  perfectly  regular  and 
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-Qiiif  orm^  and  is  dependent  npon  the  molecnlar  arrangement  of 
the  pre-existing  plagioclase.  Other  examples  occur  in  the  thin 
sections,  very  similar  to  fig.  2,  that  show  clearly  the  genetic  rela- 
tion between  the  microperthite  and  plagioclase.  In  PL  VilL, 
fig.  1,  the  laths  of  perthite  are  developed  with  their  longer  axes 
parallel  to  the  c  axis  of  the  older  feldspar,  and  at  the  same  time, 
apparently  along  the  composition  faces  of  the  albite  twins.  In 
figs.  2  and  3  the  perthitic  growths  are  believed  to  be  developed 
with  their  longer  axes  in  the  plane  of  the  rhombic  section  fol- 
lowing the  composition  faces  of  the  pericline  twins. 

The  microperthite  represented  by  PI.  Vll.,  fig.  1,  and  also  the 
Ifannebacher  twins,  fig.  1,  already  described,  are  examples  of  the 
regeneration  of  older  plagioclase,  althongh  in  these  phenocrysts 
no  trace  of  the  original  feldspar  now  remains.  But  the  crystal 
form  of  these  is  such  as  to  evidence  the  fact  that  the  original 
feldspar  was  a  simple  plagioclase  crystal  In  these  examples 
the  perthite  growths  have  their  longer  axes  along  the  c  axis  of 
the  older  crystal,  each  new  growth  being  in  parallel  orientation 
with  the  original  crystal.  In  the  case  of  the  pericline  twinning^ 
the  new  growths  have  their  axes  in  the  plane  of  the  rhombic  sec- 
tion, and  it  is  very  likely  that  they  also  are  in  parallel  orientation 
with  the  original  feldspar,  although  no  definite  plane  through 
which  the  sections  were  cut,  could  be  found  so  as  to  measure  the 
optic  orientation. 

Some  phenocrysts  were  noted  that  seemed  to  be  made  up  of 
perthitic  growth  mingled  with  groundmass,  the  whole  well 
bounded  from  the  general  groundmass  by  irregular  boundary 
lines  in  shape  like  those  shown  in  fig.  7.  At  other  times  irregu- 
lar bands  of  perthite  were  noted  cutting  across  phenocrysts 
which  were  probably  older  feldspar  in  its  process  of  perthitizor 
tiony  although  no  cleavage,  twinning,  nor  decomposition  could 
be  perceived  in  the  part  that  might  be  the  original  feldspar. 
Sometimes  the  phenocrysts  showed  a  rough  zone  or  band,  in 
which  the  perthite  growths  were  irregular  and  not  developed 
symmetrically  with  the  principal  part  of  the  phenocryst.  This 
is  probably  due  to  deformation  at  this  place  in  the  original  crys- 
tal.    Often  in  aggr^ates  of  feldspar  crystals,  as  in  fig.  4,  the 
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plagioclase,  showing  the  usual  twinning  and  containing  numer- 
ous alteration  products,  stands  out  in  marked  contrast  with  the 
dear  microperthite. 

(3)  As  complete  secondary  phenocrysts  out  of  the  ground- 
mass.  The  regeneration  of  older  plagioclase  into  new  microper- 
thite has  been  described,  as  well  as  the  development  of  the  latter 


Fio.  4.— Aggregate  of  feldspar  crystals  showing  the  clear  appearance  of  the 
microperthite  in  contrast  with  the  clonded  plagioclase. 

from  the  groundmass,  as  enlargement  of  older  crystals.  There 
now  remains  to  be  described  growths  of  microperthite  that  have 
no  genetic  relation  with  pre-existing  feldspar. 

In  fig.  5  is  shown  an  irregular  figure  marked  a,  broad  at  the 
upper  part,  with  a  short  projection  above,  and  with  a  long  tail- 
like appendage  projecting  downward.  It  consists  of  short  feld- 
spar laths  with  their  longer  axes  normal  to  a  dark  line,  a  suture 
which  widens  in  the  broad  part,  enclosing  a  quartz  mosaic.  Be- 
low this  and  to  the  right,  marked  b,  is  another  similar  figure 
with  four  arm-like  projections  composed  of  feldspar  laths  nor- 
mal to  a  median  suture.  This  also  has  a  broad  part  enclosing 
quartz,  chalcedonic  in  appearance.  Above  and  to  the  right, 
marked  c,  is  a  small  phenocry3t  of  microperthite,  also  possessing 
a  median  suture  with  laths  of  feldspar  normal  to  it.  The  three 
central  figures,  a,  b,  and  c^  have  a  similar  appearance  and  struo- 
ture,  and  all  extinguish  together.  The  development  of  these 
areas  is  thought  to  be  as  follows :  The  dark  line  nmning  through 
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the  bodies,  the  median  suture,  represents  an  early  fracture  in  the 
^roundmass,  perhaps  contractional  parting  due  to  original  cool- 
ing, along  which  devitrification  advanced,  producing  feldspar 
laths  similar  to  zones  of  feldspar  in  the  pearlite  of  PI.  VI.,  fig.  2, 
described  on  page  9.  The  crystal  marked  d,  to  the  right,  is  a 
twinned  plagioclase  of  original  growth,  showing  the  usual  altera- 
tion products  of  the  older  feldspar.  The  large  crystal  of  micro- 
perthite,  marked  e,  is  fresh  and  undecomposed,  and,  like  the 
crystals  in  the  centre  of  the  figure,  are  in  marked  contrast  with 
die  alteration  in  the  original  plagioclase. 


3Fio.  6.— Section  of  the  metarhyoUte  showing  secondary  growths  of  mlcroperthlte 
along  fractures  In  the  gronndmass. 

In  fig.  6  similar  growths  of  microperthite  are  shown.  The 
.growths  marked  a  and  b  are  connected  with  a  suture  from  which 
feldspar  laths  radiate  normal  to  it,  as  in  fig.  4.  The  relation  of 
the  dark  line  to  the  feldspar  growth  is  well  shown  in  the  upper 
part  of  a.  The  central  part  of  a  and  b  is  quartz.  Above  and  to 
the  left,  marked  c,  is  a  similar  growth  having  more  the  appear- 
4mce  of  a  phenocryst.  Below  and  to  the  right,  marked  d,  is  a 
phenocryst  of  microperthite  very  similar  to  c,  also  with  a  dark 
line,  normal  to  which  laths  of  feldspar  have  grown. 

It  will  be  seen  from  figs.  4  and  5,  that  there  is  a  close  relation- 
ahip  between  some  of  the  small  microperthite  crystals  and  the  ir- 
regularly bounded  microperthite  bodies  with  cores  of  quartz, 
which  are  probably  built  up  along  fracture  lines,  which  latter  are 
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in  turn  closely  related  to  the  laths  and  spindles  of  feldspar  along^ 
perlitic  cracks.  Since  it  has  already  been  shown  that  the  per- 
thitic  growths  form  secondary  rims  about  the  older  plagioclase, 
and  also  secondary  developments  from  the  older  feldspar  itself^ 


Fio.  6>.— Section  of  metarhyolite  Bhowing  secondary  srowths  of  microperthlte 
along  fractnrea  In  the  gronndmasa. 

it  should  be  expected  that  complete  new  phenocrysts  of  miero- 
perthite  would  be  developed  from  the  groundmass.  Many  of 
the  perthitip  growths  that  possess  irregular  shapes,  crenulated 
and  wavy  boundaries,  without  any  traces  of  cleavage,  or  crystal 
faces,  like  those  presented  in  fig.  7,  are  thought  to  be  wholly  of 


Fzo.  7.— Irregularly  shaped  phenocrysts  of  microperthlte. 

secondary  growth.  A  distinction,  of  course,  cannot  always  be 
made  between  those  of  entire  new  development  from  the  ground- 
mass,  and  those  that  have  enlargements  with  the  cores  also  per- 
thitized,  for  the  growth  within  the  core  is  exactly  similar  to  that 
without;  and  unless  the  dark  material  about  the  core  remains,  no 
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traces  of  the  older  feldspar  are  left.  But  if  the  phenocryst  is 
cut  through  a  characteristic  crystallographic  plane  so  as  to  show 
cleavage  and  the  planes  of  extinction,  differences  can  be  de- 
tected, for  those  of  secondary  growth  show  no  cleavage  system, 
and  although  there  is  a  uniformity  in  the  optic  orientation  of  the 
new  growths,  there  is  no  accurate  way  by  which  to  measure  the 
latter,  so  far  as  could  be  made  out.  As  above  stated,  there  is  a 
regularity  in  the  growth  of  the  secondary  phenocrysts,  each  hav- 
ing symmetrical  growths  of  laths  of  feldspar  with  good  crystal 
form.  These  laths  are  developed  with  their  longer  axes  normal 
to  the  longer  axis  of  the  resulting  phenocryst,  in  many  cases  at 
least,  but  this  may  not  be  a  general  rule. 


Flo.  8.— Section  of  metarhjolite  showing  aiteration  of  feldspar  along  cleavage 

planes. 

It  may  be  suggested  that  these  small  laths  of  slightly  different 
extinction  are  only  twins  of  the  same  species  of  feldspar,  but 
their  similarity  of  growth  and  appearance  to  the  perthitized  feld- 
spar in  which  two  species  are  invariably  present  should  be  evi- 
dence that  all  the  mottled  feldspar  is  made  up  of  two  species. 

Weathering  and  fracturing  of  the  feldspar.  Weathering,  as 
represented  in  fig.  8,  along  fractures  and  cleavages  cracks  of  the 
feldspar  is  characteristic  of  the  beds  of  spheroids.  In  the  process 
of  weathering  the  spaces  within  the  microperthite,  like  those 
shown  in  fig.  8,  are  filled  with  sericite,  biotite,  calcite,  and  iron 
oxide.     Usually  the  feldspar  has  not  been  broken  apart,  but 
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these  eecondary  mineralfl  appear  to  be  alteration  products  of  the 
feldspar  in  place. 

In  several  places  of  the  outcrop  are  numerous  fractures  vary- 
ing in  size  from  a  fraction  of  a  millimeter  to  ten  or  twelve  milli- 
meters across.  These  fractures  are  filled  with  vein  material  of 
quartz  and  feldspar.  Where  the  fractures  have  passed  through 
feldspar,  fig.  7,  there  the  vein  material  is  feldspar  of  similar  ap- 
pearance and  orientation,  while  the  fractures  through  the  quartz 
are  filled  with  quartz  likewise  of  similar  orientation.  In  some 
oases  vein  material  one-half  inch  in  thickness  was  wholly  com- 
posed of  feldspar  where  such  veins  were  through  phenocrysts  of 
feldspar.  The  fractures  through  the  groundmass  are  usually 
filled  with  quartz,  although  feldspar  is  also  often  present. 

In  the  fractured  crystals  where  the  vein  feldspar,  as  well  as  the 
vein  quartz,  have  the  same  orientation  as  the  penetrated  crystal, 
there  is  shown  an  excellent  example  of  the  effectiveness  of  the 
energy  of  crystallization  in  the  selection  and  orientation  of  ma- 
terial. When  the  crystal  becomes  fractured  and  mineral  matter 
in  solution  fills  the  fissures  and  cracks,  the  broken  crystal  exerts 
a  choice  and  controls  the  development  of  the  vein  material  in 
that  part.  The  feldspar  or  quartz  is  healed  much  like  the  heal- 
ing of  organic  units.  It  is  this  energy  of  crystallization  that  is 
the  controlling  factor  in  the  development  of  the  perthite  in  the 
original  plagioclase,  so  that  the  new  feldspar  species  within  and 
about  the  older  feldspar  have  a  uniform  and  r^ular  arrangement 
•dependent  upon  the  symmetry  of  the  parent  crystal. 

Quartz  phenocrysts.  The  phenocrysts  of  quartz  are  less 
abundant  than  those  of  feldspar,  and  they  possess  a  better  crystal 
form  in  general  than  the  latter.  Besides  the  usual  appearance 
of  quartz,  there  is  noted  in  these  quartz  phenocrysts  certain  out- 
growths or  enlargements  of  a  secondary  nature.  These  enlarge- 
ments are  not  rims  like  those  of  the  microperthite,  but  irregular 
iiinge-Uke  projections  that  extend  from  the  phenocryst  out  into 
the  groundmass.  These  growths  are  fairly  well  shown  in  fig.  9. 
In  these  examples  the  original  crystal  form  of  the  quartz  is  well 
developed,  and,  projecting  from  them  in  irregular  growths  with 
identical  optic  orientation,  is  the  secondary  quartz.     Sometimes 
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a  dark  line  marks  the  boundary  of  the  original  crystal.  At  other 
times  the  crystal  planes  must  be  prolonged  to  indicate  the  orig- 
inal boundary.  Secondary  quartz  as  vein  material  having  a 
common  orientation  with  the  fractured  quartz  has  been  noted 
above. 


Fio.  9. — Phenocrysts  of  quarts  showing  secondary  enlargement. 

The  quartz  phenocrysts  often  have  inclusions  of  groundmasa 
which  are  sometimes  rounded  areas,  but  very  often  they  are 
rhombic  in  form.  Ehombic  cleavage  of  a  fairly  peraiBtent  nat- 
ure can  be  noted  in  many  of  those  quartzes  that  are  ground  quite 
thin.  Like  some  of  the  feldspars  the  quartzes  often  show  em- 
baymentSy  probably  due  to  magmatic  corrosion  before  the  orig- 
inal solidification. 

Amphibole  phenocrysts.  Although  amphibole  is  not  now 
present  as  a  porphyritic  mineral,  yet  that  it  once  occurred  as  such 
is  evidenced  by  characteristic  areas  now  composed  of  alteration 


u. 

Fio.  10.— Basal  section  of  altered  amphibole. 
Fig.  1L— Prism  section  of  altered  amphibole. 

products  of  the  original  hornblende.  In  fig.  10  is  shown  one  of 
these  areas  which  is  without  doubt  a  characteristic  basal  section 
of  amphibole.  Fig.  11  is  an  area  composed  of  similar  minerals 
which  is  thought  to  be  a  prism  section  of  what  was  once  an  am- 
phibole.    The  chemical  composition  of  the  rock,  as  indicated  by 
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the  presence  of  lime  and  magnesia  is  such  as  to  allow  the  forma* 
tion  of  amphibole  from  the  magma.  ISo  trace  of  the  original 
hornblende  remains  except  the  form  of  the  crystal^  the  space  it 
once  occupied  being  now  filled  with  a  number  of  new  minerals. 
Six  minerals  were  noted  in  the  basal  section  represented  in  fig. 
10.  In  other  areas  other  minerals  were  noted,  so  that  at  least 
seven  minerals  were  detected  assuming  the  space  of  the  original 
amphibole.  Among  the  minerals  noted  were  biotite,  sericite, 
quartz,  magnetite,  epidote,  sphene,  apatite,  and  zircon.  The 
botmdary  of  the  area  is  usually  marked  by  a  line  of  magnetite 
crystals,  while  the  quartz  seems  to  fill  the  central  part. 

The  minerals  of  the  groundmass  and  alteration  products  of 
the  phenocrysts.  The  feldspar  and  quartz  of  the  groundmass 
which  make  up  its  greatest  proportion  have  already  been  re- 
ferred to  in  the  description  of  the  various  textures  of  the  rock. 
The  phenomena  of  the  secondary  enlargement  of  the  feldspar 
phenocrysts  by  perthitic  growths,  and  the  development  of  fibers 
of  feldspar  along  cracks  in  the  rock  would  seem  to  indicate  that 
much  of  the  feldspar  of  the  groundmass  is  secondary.  The 
quartz  often  occurs  in  veins  and  as  growths  about  older  phen- 
ocrysts of  quartz.  Of  the  remaining  small  minerals  scattered 
throughout  the  crypto- crystalline  groundmass,  many  are  second- 
ary, and  many  of  them  may  be  original.  In  many  cases  the  rel- 
ative positions  of  these  minerals  evidence  their  secondary  nature; 
in  other  cases  no  such  criteria  are  at  hand.  The  extreme  meta- 
morphism  of  the  feldspar  phenocrysts  and  the  evidence  of  the  de- 
vitrification of  the  groimdmass  are  such  as  to  indicate  that  the 
conmion  basic  minerals  so  often  secondary  elsewhere  have  a 
metamorphic  origin  here. 

Biotite,  Biotite  occurs  in  considerable  abundance  through- 
out the  groimdmass,  distributed  irregularly  throughout  the  lat- 
ter, and  also  in  streaks  and  along  fracture  lines.  It  also  occurs 
in  considerable  abtmdance  as  an  alteration  of  the  original  plagio- 
clase  in  the  fractures  and  along  the  cleavage  planes  of  the  latter. 
It  is  of  very  uniform  habit,  being  in  the  form  of  short  and  thick 
tabular  crystals  of  quite  imiform  size.      It  often  occurs  in 


Digitized  by  LjOOQIC 


TEE    VTLET   METARE70LITE.  3^ 

Btreaks  about  the  comers  of  phenocrysts,  giving  them  the  appear- 
ance of  eyes.  Biotite^  next  to  quartz  and  feldspar,  is  the  most 
abundant  of  the  minerals  of  the  groundmass. 

Sericite  and  muscovite.  These  minerals,  like  the  biotite,  oc- 
cur in  both  the  groimdmass  and  in  the  phenocrysts,  and  are  more 
abundant  where  the  weathering  of  the  rock  is  more  advanced. 

{Jalcite.  Calcite  may  be  in  part  an  infiltration  product  from 
the  adjacent  limestone  formation.  It,  however,  occurs  more 
often  in  the  feldspar  phenocrysts  than  elsewhere,  where  it  occurs 
in  the  central  parts  of  the  feldspar. 

Hornblende.  Brown  hornblende,  closely  associated  with  the 
biotite,  occurs  to  a  small  extent.  It  has  much  the  appearance  of 
the  brown  biotite,  and  can  be  detected  only  by  its  polarizing 
colors. 

Sphene.  Sphene  occurs  more  abundantly  in  those  sections 
that  showed  the  traces  of  original  amphibole  phenocrysts  than 
elsewhere.  Here  it  occurs  in  quite  large  twinned  crystals  in  the 
groimdmass,  and  in  smaller  crystals  associated  with  the  altera- 
tion products  of  the  hornblende. 

Epidote.  This  mineral  occurs  to  some  extent  as  an  alteration 
product  of  the  amphibole  phenocrysts. 

Apatite.  Minute  needle-like  crystals,  colorless  and  with 
cross  cleavage  or  parting,  are  probably  apatite. 

Zircon.  Zircon  with  characteristic  form  and  appearance  oc- 
curs as  an  alteration  of  the  amphibole  and  is  also  present  to  a 
flmall  extent  in  the  grotmdmass. 

Iron  oxides,  magnetite  and  pyrite  occur  to  some  extent. 
Some  of  it  may  be  original,  but  much  at  least  is  of  secondary 
origin. 

Quartz  and  feldspar  as  alteration  products  have  already  been 
dwelt  upon. 
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11.     THE  BEELIN  RHYOLITE-GNEISS. 

As  previouBly  stated  the  Berlin  area  of  gneiss  consists  of  a  sin- 
gle outcrop,  and  is  located  in  the  northern  part  of  Green  Lake- 
county.  It  lies  within  the  limits  of  the  small  city  of  Berlin  and 
forms  a  rather  prominent  elevation,  rising  to  a  height  of  about 
160  feet  above  the  adjacent  level  valley  of  the  Fox  River. 

The  accompanying  map,  PI.  lY.,  shows  the  areal  extent  and 
topography  of  the  Berlin  gneiss  and  its  relation  to  the  surround- 
ing rock  formations.  The  area  is  located  in  the  N.  E.  1-4  of  Sec 
3,  T.  17  K,  R.  13  E.,  in  Green  Lake  coimty.  The  outcrop, 
consists  of  three  elongated  domes  connected  in  the  form  of  a 
curved  crescent-like  ridge  whose  convex  side  faces  the  northwest 
and  whose  points  are  ilirected  approximately  to  the  south  and  to 
the  east.  In  areal  extent  it  is  about  one-half  a  mile  long  and  it 
is  about  one-eighth  of  a  mile  wide. 

The  previous  work  done  upon  this  area  has  been  of  the  most 
general  character  and  is  embodied  in  the  various  reports  of  the 
early  geological  surveys. 

PercivaP  in  1856  alludes  in  a  general  way  to  the  topography 
of  this  area  and  gives  a  brief  description  of  the  rock.  Chamber- 
lin,^  in  1877,  in  describing  the  Berlin  Porphyry  notes  the  gen- 
eral character  of  the  rock  in  the  field,  its  cleavage  system,  and 
extensive  fissures,  and  also  its  relation  to  the  adjacent  overlying 
Potsdam  sandstone.  Irving*  in  1877  speaks  briefly  of  the  Ber- 
lin rocL  He  notes  the  dark  bluish  grey  matrix,  numerous  feld- 
spar crystals  and  the  lamination  which  is  said  to  be  fine  and 
distinct. 

GEOLOGY. 

Associated  sedimentaries.  The  only  sedimentary  formation,, 
other  than  the  glacial  drift,  with  which  this  reck  comes  in  con- 
tact, is  the  Potsdam  sandstone  and  conglomerate.     Lying  upon 

>  Annual  Beport  of  Geol.  Survey  of  Wis.  for  1856,  p.  106. 
•Oeol.  of  Wis.,  Vol.  II.,  pp.  249-50. 
•Oeol.  of  Wis.,  Vol.  II.,  p.  621. 
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RHYOLITE-ONEI88.  POT6DAM    SANDSTONE.  ALLUVIUM    AND    DRIFT. 

1 .    Geological  map  of  the  Berlin  rhyolite-gneiss  area.    The  area  mapped  is  '4  sq.  mile. 


2.    Section  through  Berlin  area.     Horizontal  distance  I  mile.    Vertical  distance  X  to  Y. 
600  feet:  N  toM.  431  feet. 
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the  southeast  end  of  the  gneiss  is  a  small  patch  of  conglomerate 
which  is  composed  of  angular  and  rounded  fragments  of  the  un- 
derlying igneous  formation^  mingled  with  a  loose  cement  of 
sand.  This  conglomerate  f  ortimately  is  f  ossilif  erous  and  carries 
several  species  of  brachiopoda  and  trilobita^  among  the  latter 
being  a  species  of  Dikellocephalus.  The  fossils  indicate  the 
probability  of  this  formation  belonging  to  the  Potsdam,  although 
it  is  near  the  same  elevation  as  the  Magnesian  limestone  which 
occurs  a  short  distance  to  the  east.  There  is  sandstone  outcrop- 
ping also  along  the  southeast  border  of  the  gneiss  formation. 

A  thick  mantle  of  glacial  drift  and  alluvium  overlies  the 
Potsdam  formation  about  the  base  of  the  gneiss,  and  in  places 
the  drift  also  overlaps  the  igneous  formation. 

The  thickness  of  the  formations  overlying  the  gneiss  is  indi- 
cated in  the  cross  section  of  PI.  IV.  These  data  were  obtained  on 
the  sinking  of  an  artesian  well  three-fourths  of  a  mile  southeast 
cf  the  south  end  of  the  gneiss.  The  depth  of  this  well  is  456 
feet,  the  first  sixty  feet  being  in  glacial  drift  and  alluvium,  fol- 
lowed by  371  feet  of  Potsdam  sandstone  and  conglomerate,  the 
last  twenty-five  feet  of  the  well  being  driven  into  the  gneiss. 
The  well  is  located  on  the  bank  of  the  Fox  River  near  the  rail- 
road depot,  which  is  179  feet  lower  than  the  sunoLmit  of  the  out- 
crop of  gneiss.  This  would  make  the  simimit  of  the  outcrop  pos- 
sess an  elevation  of  616  feet  above  that  point  in  the  well  where 
the  contact  between  gneiss  and  conglomerate  is  located,  or  in 
other  words  that  this  formation  was  an  elevation  of  something 
over  600  feet  at  the  time  of  the  encroachment  of  the  waters  of 
the  Potsdam  sea. 

Type  of  rock.  The  Berlin  gneiss  is  a  metamorphic  rock,  the 
evidence  of  which  will  be  brought  out  in  the  study  of  the  rock  as 
seen  in  both  the  field  and  in  the  laboratory.  The  original  rock 
was  a  rhyolite  and  now  has  the  texture  of  a  gneiss,  and  therefore 
it  is  referred  to  in  the  following  as  rhyolite-gneiss. 

The  gneiss  possesses  a  marked  uniformity  of  character 
throughout  the  area.  The  fresh  surface  of  the  rock  reveals  an 
almost  black  groundmass  streaked  with  red.  Thickly  sprinkled 
throughout  the  groundmass  are  numerous  white  feldspar  cry»- 
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Digitized  by 


Google 


34  I0IJE0U8    ROCKS    OF    THE    FOX    RIVER    VALLEY. 

tals  of  variouB  sizes^  the  more  prominent  ones  ranging  from  two 
to  five  millimeters  in  diameter.  The  phenocrysts  of  whitish 
feldspar  stand  out  in  marked  contrast  with  the  dark  groundmass, 
producing  a  beautiful  and  striking  appearance.  They  have  their 
longer  axes  in  a  parallel  direction^  in  the  plane  of  the  banding, 
and  are  often  broken  and  drawn  apart,  as  is  shown  in  the  litho- 
graph of  the  specimen,  PI.  V.  Phenocrysts  of  quartz,  so  abun- 
dant in  the  TJtley  rock,  do  not  occur  in  the  Berlin  gneiss.  Al- 
though the  groundmass  is  of  very  fine  grain,  the  rock  does  not 
break  with  a  conchoidal  fracture  because  of  the  pronounced 
cleavage  everywhere  present. 

Banding  or  lamination  parallel  to  the  cleavage  is  brought  out 
distinctly  on  the  weathered  surface.  The  bands  are  dark  and 
reddish  streaks  of  fine  groundmass,  this  dark  color  being  due  to 
microscopic  crystals  of  hornblende  disseminated  in  streaks 
throughout  the  rock. 

The  Berlin  rock  has  been  subjected  to  the  profoundest  kind 
of  metamorphism.  A  perfect  system  of  cleavage  producing  a 
pronounced  banding  or  lamination  has  been  induced  in  the  rock 
by  erogenic  forces.  Accompanying  the  movement  that  pro- 
duced the  cleavage  there  has  been  a  marked  change  in  the  tex- 
ture of  the  rock,  as  seen  in  both  the  hand  specimen  and  the  thin 
section. 

The  gneiss  is  believed  to  have  been  a  rhyolite  for  the  f oUow* 
ing  reasons:  Throughout  the  rock  the  idiomorphism  of  the 
porphyritic  crystals  of  feldspar  is  a  marked  characteristic.  Al- 
though these  phenocrysts  show  variable  amounts  of  deforma- 
tion, yet  they  can  generally  be  easily  distinguished  from  the 
groundmass  in  which  they  occur.  And  in  places  in  the  gneiss 
where  the  mashing  has  not  been  complete  and  the  lamination  is 
indistinct,  the  texture  of  the  rock  is  that  of  a  rhyolite  very  Uke 
that  of  the  TJtley  outcrop.  These  incompletely  mashed  patches 
in  the  gneiss,  seen  in  cross  section,  usually  have  an  area  about 
the  size  of  a  man's  hand,  which  areas  have  irregular  elongated 
shapes.  They  grade  into  the  more  completely  laminated  gndas^ 
and  are  especially  apparent  in  the  plane  normal  to  the  longer 
axes  of  phenocrysts,  the  "head"  of  the  quarried  blocks. 
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Whether  the  rhyolite-gneiss  was  originally  a  surface  flow  or 
an  intrusiye  mass  is  not  so  clearly  shown.  It  should  be  noted 
that  the  other  outcrops  of  the  rhyolite  in  the  Fox  River  valley, 
as  well  as  the  one  at  Baraboo,  appear  to  be  surface  flows,  and 
most  of  them  are  associated  with  volcanic  breccia.  And  in  this 
connection  may  be  mentioned  certain  angular  fragments  that  oo- 
<sur  through  the  Berlin  area.  These  fragments  vary  in  size 
from  a  few  inches  to  almost  a  foot  in  diameter,  and  are  of  some- 
what darker  material  than  the  general  mass.  Like  the  pheno- 
•crysts  these  fragments  are  flattened  in  the  plane  of  the  cleavage, 
although  their  parallel  arrangement  in  this  plane  is  not  so  com- 
plete as  that  of  the  phenocrysts.  This  incomplete  orientation  is 
especially  true  of  some  of  the  larger  fragments.  The  fragments 
have  been  subjected  to  as  much  deformation  as  the  normal  rock, 
and  evidence^the  fact  that  they  were  present  in  the  rhyolite  be- 
fore the  mashing  process  began.  They  are  scattered  promiscu- 
ously through  the  formation,  and  are  not  associated  with  any 
jsone  of  faulting  nor  with  any  foreign  rock.  While  the  evidence 
of  the  extrusive  origin  of  this  rock  is  not  conclusive,  yet  from  its 
analogy  with  the  other  rhyolite  outcrops,  and  from  the  evidence 
of  the  fragments,  the  Berlin  rock  is  believed  to  be  a  surface  rock 
like  the  other  rhyolite  outcrops  of  the  region. 

While  deformation  of  the  rhyolite  is  chiefly  that  of  mashing, 
there  was  a  concomitant  development  of  a  system  of  fractures 
and  joints.  The  deformation  is  in  the  zone  of  combined  flowage 
and  fracture,  as  defined  by  Prof.  Van  Hiae,^  but  principally  in 
the  zone  of  flowage,  as  will  be  shown  in  the  petrographic  descrip- 
tion of  the  rock.  Evidence  in  this  line  is  also  brought  out  in 
the  field  in  the  fact  that  nowhere  is  the  rock  fissile,  for  with  the 
mashing  and  flowage  process  the  rock  was  completely  healed  and 
possesses  only  the  capacity  to  split  in  certain  directions  desig- 
nated as  the  cleavage  planes. 

Structure  of  the  outcrop.  The  outcrop  can  be  said  to  have  a 
definite  structure  which  is  the  pronounced  banding  or  cleavage 
system  of  the  rock  and  its  associated  fracture  planes  and  joints. 

*  Principles  of  North  American  pre-Cambrian  Gteology,  by  C.  B.  Van 
Jliae,  16th  Ann.  Bept.,  U.  S.  Geol.  Survey,  Part  I.,  1806,  pp.  601-603. 
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The  cleavage  system.  The  strike  and  dip  of  the  cleavage 
planesy  as  indicated  upon  the  map  (PL  IV.)'  change  gradually  in 
passing  from  the  southwest  end  of  the  crescent-shaped  area  to  the 
northeast  end.  At  the  southwest  end  the  strike  of  the  cleavage 
planes  is  N.  37°  E.,  ai^vl  the  dip  is  70°  N.  W. ;  in  the  central  por- 
tion of  the  area  the  strike  is  N.  45°  E.  and  the  dip  is  68°  N.  W. ;. 
while  at  the  northeastern  part  of  the  ridge  the  strike  is  N.  70° 
E.,  and  the  dip  is  65°  and  68°  N.  W.  The  strike  of  the  cleavage 
is  always  further  to  the  east  in  passing  from  the  southern  end  to 
the  eastern  end  of  the  crescent-like  ridge.  The  strike  of  the 
cleavage  thus  coincides  with  the  axis  of  the  ridge,  the  crescent 
shape  being  due  to  weathering  and  erosion  processes  which  have 
been  controlled  by  the  syst^^m  of  secondary  cleavage.  Farther 
away  from  the  main  axis  of  the  ridge,  to  the  northwest,  near 
Greenwood  St.,  the  strike  is  N.  20°  E.  and  the  dip  is  80°  N.  W. 
Numerous  measurements  were  made  at  various  points  on  the 
ridge  showing  the  dip  to  vary  from  65°  to  80°  with  no  abrupt 
but  always  a  gradual  transition  between  various  places. 

Joints  and  fracture  planes.  The  joints  and  fractures  belong 
to  more  than  one  period  of  deformation,  as  evidenced  by  the  fact 
that  many  of  them  are  completely  cemented,  while  others  are 
not.  Those  joints  that  are  wholly  cemented  belong  to  an 
earlier  period  and  appear  to  bear  some  relation  to  the  cleavage 
system  of  the  rock. 

The  fractures  of  the  earlier  period  in  a  general  way  strike  in 
four  directions,  and  these  four  directions  appear  to  be  closely  de- 
pendent upon  the  strike  of  the  cleavage  system  for  they  change 
in  direction  as  the  strike  of  the  cleavage  changes  in  passing  from 
one  end  of  the  crescent-like  ridge  to  the  other.  The  dip  of  these 
cemented  joints  is  much  more  variable  than  the  strike  and  no- 
definite  general  dip  could  be  made  out  although  they  usually 
have  an  inclination  of  about  70°  to  80°  on  either  side  of  the  ver- 
tical plane. 

The  strike  of  some  of  the  fractures  coincides  with  the  plane  of 
the  cleavage.  The  larger  number  of  fractures,  however,  are  ap- 
proximately at  right  angles  to  one  another  and  strike  about  45°^ 
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to  the  plane  of  cleavage.     There  are  also  numerous  small  frac- 
tures that  strike  normal  to  the  cleavage  plane. 

Numerous  excellent  examples  showing  the  relation  of  the 
planes  of  fractures  and  plane  of  cleavage  were  noted  in  the  area, 
and  measurements  made,  with  the  results  in  general  as  above 
stated.  It  was  attempted  to  photograph  the  best  examples  to  il- 
lustrate this  phenomena,  but  the  attempt  unfortunately  was  not 
successful.  A  sketch,  however,  was  made  at  one  place  which  is 
here  presented.     (Fig.  12.) 


Fio. 


12.— Sketch  of  horisontal  sarface  of  rhyolite-gnelBB  Bhowing  relation  of 
earlier  aystem  of  Joints  to  the  cleavage  aystem. 


The  sketch  is  of  the  horizontal  surface  of  a  ledge  near  the 
northeast  end  of  the  area.  The  joints  run  in  four  directions. 
The  plane  of  cleavage  (A.  B.)  at  this  place  strikes  N.  75°  E.,  and 
one  set  of  joints  (C.  D.)  coincides  with  the  cleavage.  One  of  the 
diagonal  sets  (E.  F.)  strikes  N.  40°  E.,  thus  cutting  the  cleavage 
at  an  angle  of  35°.  The  other  diagonal  set  (G.  H.)  runs  K  60° 
W.,  and  cuts  the  cleavage  plane  at  45°.  Another  set  (I.  J.) 
made  up  of  shorter  fractures  cuts  the  cleavage  plane  at  90°. 
There  are  also  present  numerous  random  fractures  that  do  not 
have  any  definite  general  direction  and  are  not  at  all  persistent 
like  those  above  enumerated,  but  are  wholly  cemented  like  the 
above. 

Zones  of  numerous  closely  packed  fractures  often  occur, 
which  mark  the  places  where  movement  of  the  rock  was  concen- 
trated. These  zones  usually  cut  the  cleavage  plane  at  angles 
varying  from  30°  to  50°.  It  is  probable  that  the  cemented 
fractures  were  produced  during  the  latter  part  of  the  period  of 
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deformation  that  developed  the  cleavage  in  the  rock.  This  view 
appears  to  be  evidenced  by  the  fact  that  the  most  numeroua 
joints  and  zones  of  fractures  strike  diagonally  across  the  cleav- 
age, as  represented  by  E.  F.  and  G.  H.  of  fig.  12. 

As  a  result  of  experiment  it  has  been  clearly  demonstrated^ 
that  a  solid,  brittle  body  when  subjected  to  compression  greater 
than  its  elastic  limit,  tends  to  fracture  along  planes  of  maximum 
shearing,  which  planes  in  a  homogeneous  bpdy  approach  an  angle 
of  45**  to  the  pressure,  and  about  90**  to  one  another.  Since 
most  authors  hold '  that  cleavage  develops  in  a  plane  normal  to 
the  greatest  pressure,  it  would  appear  that  the  fractures  that 
strike  diagonal  to  the  cleavage  are  probably  in  the  planes  of  max- 
imum shear.  The  fractures  parallel  to  the  cleavage  are  likewise 
probably  due  to  shearing  and  are  directed  into  the  plane  of  cleav- 
age because  the  latter  is  a  plane  of  weakness  in  the  rock,  for  the 
parallel  fractures,  if  followed  for  some  distance,  are  seen  to 
branch  off  and  cut  across  the  cleavage  at  about  45°.  The  short 
discontinuous  fractures  transverse  to  the  cleavage  appear  to  have 
been  produced  at  the  same  time  as  the  diagonal  joints.  These 
transverse  fractures  are  partly  controlled  by  the  cleavage  of  the 
feldspar  (see  p.  41)  and  are  probably  the  result  of  tensile 
stresses  resulting  from  the  compressive  stresses  parallel  to  them^ 
which  produced  the  major  diagonal  joints  already  mentioned. 

In  addition  to  these  earlier  and  healed  fractures  there  are 
numerous  open  joints  that  appear  to  have  no  relation  to  the 
cleavage,  but  cut  one  another  and  the  cleavage  at  all  angles. 
They  cut  the  rock  into  large  irregular  blocks,  and  are  of  a  muck 
later  origin  than  the  healed  joints  associated  with  the  cleavage. 

MICBOSCOPICAI.    rETROORAPHT. 

The  microscopical  study  of  the  Berlin  rock,  like  the  field 
study,  reveals  a  marked  uniformity  of  texture  and  grain  of  the 
gneiss  throughout  the  area.  As  previously  stated  the  gneiss  id 
banded  or  laminated,  consisting  of  a  fine-grained  dark  ground- 

'  Qeologie  fixperimentale,  A.  Daubree:    Vol.  I.,  pp.  391-438. 
'Principles  of  North  American  pre-Cambrian  Geology,  by  C.  R.  Van 
Hiae:  16th  Ann.  Rept,  U.  S.  QeoL  Sur.,  Pftrt  I.,  1886,  pp.  633-668. 
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mass  inclosing  numerous  phenocrysts  of  whitish  feldspar.  The 
groundmass  has  but  one  characteristic  texture  and  that  is  a  flux- 
ion texture  due  to  the  mashing  of  the  rock  by  extreme  pressure 
which  took  place  after  its  original  solidification. 

The  evidence  of  the  mashing  of  the  rock  is  shown  in  the  field 
by  the  presence  of  the  persistent  cleavage  and  fracture  system 
throughout  the  area.  Evidence  of  mashing  is  likewise  borne 
out  by  the  study  of  the  rock  under  the  microscope,  as  will  be 
shown.  The  individual  constituents  of  the  groimdmass,  how- 
ever, the  quartz,  feldspar,  and  minute  flakes  of  hornblende,  in 
themselves,  reveal  no  evidence  of  deformation  although  mash- 
ing is  indicated  in  their  arrangement  in  the  banded  structure. 
The  phenocrysts  on  the  other  hand  show  very  clear  and  abun- 
dant evidence  of  deformation.  For  this  reason  the  porphyritic 
constituent  of  the  gneiss  will  be  described  first  and  will  be  fol- 
lowed by  the  investigation  of  the  character  of  the  groimdmass. 

The  feldspar  phenocrysts.  The  only  porphyritic  constituent 
of  the  gneiss  is  feldspar.  Quartz  as  phenocrysts  does  not  occur. 
The  feldspar  crystals  are  numerous  and  vary  in  size  from  1  mm. 
to  5  mm.  in  diameter.  A  crystal  of  the  feldspar  was  detached 
from  the  rock,  and  the  angle  which  the  two  most  important 
cleavage  faces  make  with  one  another  was  measured.  The  angle 
was  measured  by  means  of  the  refiection  goniometer,  and  was 
found  to  be  86^  28%'. 

The  specific  gravity  determination  was  not  satisfactory.  The 
Thoulet  solution  at  2.60  allowed  about  one-half  of  the  feldspar 
to  float  and  the  remainder  to  sink  and  be  suspended  in  the  liquid. 
This  variation  was  probably  due  to  inclusions  of  hornblende  or 
magnetite  within  the  feldspar. 

Ko  chemical  analysis  of  the  Berlin  feldspar  was  made,  but 
since  the  composition  of  the  rock  closely  agrees  with  that  of  the 
Utley  rhyolite  in  which  the  feldspar  proved  to  be  albite-oligo* 
dase,  it  is  most  probable  that  the  Berlin  feldspar  is  likewise  a 
plagioclase  near  the  albite  end  of  the  series.  The  conclusion  is 
also  borne  out  by  the  cleavage  angle  86^  28%'  between  OP 
and  ooPdb  which  is  that  of  acid  plagioclase.  Many  of  the 
phenocrysts  of  feldspar  have  been  so  deformed  by  the  mashing 
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process^  in  being  fractured  and  granulated^  that  few  determina- 
tions of  the  optical  proporties  could  be  made.  However,  those 
that  do  not  show  the  effects  of  the  pressure,  manifest  clearly 
that  habit  of  microperthitic  intergrowths  characteristic  of  the 
Utley  metarhyolite. 

On  one  of  the  crystals  that  consisted  of  Mannebacher  twins 
the  angle  of  extinction  was  measured  against  the  basal  cleavage, 
and  showed  the  two  perthitic  intergrowths  to  be  essentially  the 
same  as  those  represented  in  the  Utley  microperthite.  One 
variety  extinguished  at  +4°  to  +5°,  and  the  other  at  +19°,  in- 
dicating oligoclase  and  albite  respectively.  The  feldspar  usu- 
ally appears  to  be  fresh,  that  is,  it  is  clear  and  does  not  as  a  rule 
contain  any  of  those  microlitic  mineral  inclusions  and  alteration 
products  so  common  in  the  process  of  weathering. 

In  PI.  IX.,  fig.  2,  is  shown  a  feldspar  about  1-12  of  an  inch  in 
length.  It  manifests  very  clearly  the  effects  of  pressure  in  the 
fractures  and  irregular  extinction  that  characterizes  it.  The 
fractures  are  along  the  shortest  diameter  of  the  crystal,  and  are 
of  various  sizes  ranging  from  the  several  plainly  visible  in  the 
photograph,  to  minute  lines  of  microscopic  and  sub-microscopic 
size.  Near  the  lower  end  of  the  crystal,  on  the  right  side,  gran- 
ulation has  begun.  The  slightly  irregular  boundary  of  the 
crystal  also  manifests  this  phenomena  of  the  breaking  down  and 
recrystallizing  of  the  parts  of  the  phenocryst.  The  most  inter- 
esting phenomena  of  this  phenocryst,  however,  are  its  fractures 
and  strain  shadows. 

In  PI.  IX.,  fig.  1,  are  presented  two  crystals,  the  one  above 
having  been  pressed  down  upon  the  one  below  and  broken  it 
apart.  The  upper  crystal  is  fractured  and  granulated  near  the 
middle  part.  The  principal  characteristic  of  this  crystal,  how- 
ever, is  its  fine  cross  hatching  which  resembles  in  a  remarkable 
degree  that  of  typical  microline.  Immediately  below  the  centre 
of  the  crystal  is  an  area  of  well-defined  oblique  hatching  which 
seems  to  be  superinduced  upon  the  normal  cross  hatching.  The 
normal  hatching  is  supposedly  due  to  the  cross  twinning,  accord- 
ing to  the  albite  and  pericline  laws,  but  the  oblique  hatching, 
equally  as  symmetrical,  cannot  be  ascribed  to  either  of  these. 
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Parts  of  the  crystal  show  no  twinning  at  all,  while  other  parts, 
as  noted,  show  both  normal  and  oblique  twinning.  These  dif- 
ferences without  doubt  are  due  to  unlike  strains  induced  in  the 
crystal  rather  than  any  difference  in  composition.  A  slender 
area  of  granulated  feldspar  and  coarse  groundmass  projects  from 
the  left  end  of  the  crystal.  The  underlying  broken  crystal  has 
a  filling  of  quartz  principally  between  the  broken  parts.  This 
quartz  has  a  wavy  extinction,  and  indicates  that  stress  was  here 
applied  after  the  crystals  of  quartz  had  formed  between  the 
sundered  parts  of  the  phenocryst.  Between  the  two  crystals  is 
granulated  feldspar  and  blue  amphibole.  At  either  end  of  the 
crystal  the  effects  of  the  granulation  and  recrystallization  are 
seen  in  the  short  tail-like  areas  that  project  from  them  in  the 
plane  of  cleavage. 

In  PL  IX.,  fig.  4,  is  shown  a  part  of  a  phenocryst  of  feldspar 
that  has  been  drawn  out  to  several  times  its  original  length.  The 
crystal  shows  fractures  and  strain  shadows.  The  spaces  between 
the  several  parts  are  filled  with  quartz,  plagioclase,  and  am- 
phibole. The  transverse  fracturing  is  probably  controlled  by  the 
cleavage  of  the  feldspar  and  is  probably  due  to  tensile  stresses 
restdting  from  compressive  stresses  normal  to  the  longer  axes  of 
the  phenocrysts.  Numerous  short  fractures  transvenie  to  the 
cleavage  were  noted  in  the  field  that  probably  have  an  origin 
in  common  with  the  lengthened  phenocrysts.  Other  phenocrysts 
show  different  stages  of  granulation,  as  shown  in  PL  IX.,  figure 
8,  while  some  of  them  are  apparently  entirely  crushed,  leaving 
no  traces  except  areas  of  quartz  and  feldspar  considerably  coarser 
than  the  average  groundmass.  Others  show  but  little  deforma- 
tion except  the  usual  short  or  long  tail-like  area  that  projects 
from  the  phenocryst  in  the  plane  of  the  cleavage. 

The  groundmass.  The  groundmass  consists  of  granular 
quartz  and  feldspar  in  about  equal  proportions,  and  numerotis 
«mall  crystals  of  blue  amphibole.  The  amphibole  is  a  minor 
constituent,  but  it  has  a  uniform  distribution.  Besides  these 
three  important  minerals  there  is  present  in  subordinate  quan- 
tity calcite,  biotite,  garnet,  zircon,  apatite,  and  magnetite. 

The  quartz  and  feldspar.     About  95  per  cent,  of  the  ground- 
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mass  is  made  up  of  quartz  and  feldspar,  which  occur  as  small^ 
closely  fitting  grains.  Both  minerals  are  fresh  and  clear,  and 
for  this  reason  it  is  difficult  to  distinguish  them  except  by  the 
twinning  habit  of  the  feldspar.  The  feldspar  is  a  variety  of 
plagioclase,  as  indicated  by  its  polysynthetic  twinning  habit, 
and  very  often  it  has  the  cross  twinning  common  to  microcline- 
and  is  probably  soda  microcline.  The  size  of  the  feldspar  and 
quartz  as  compared  with  the  phenocrysts,  and  their  general 
habit  and  arrangement,  are  brought  out  in  PI.  VII.,  fig.  2,  and 
PL  IX. 

The  minute  grains  of  quartz  and  feldspar  of  the  groundmass 
Btand  out  in  sharp  contrast  with  the  larger  phenocrysts.  They 
vary  somewhat  in  size,  and  seen  in  cross-section  their  diameters 
average  about  1-40  mm.  in  length.  There  is  a  slight  difference 
in  the  length  of  the  diameters  of  these  small  crystals,  and  it  is 
apparent  on  a  close  measurement  that  they  have  their  longer 
axes  in  a  common  direction.  In  the  process  of  the  granulation 
of  the  phenocrysts  quartz  is  mingled  with  the  granulated  feld- 
spar, and  in  the  spaces  between  the  stretched  phenocrysts  the 
filling  consists  of  quartz  and  feldspar  in  about  equal  abundance. 

The  blue  amphibole.  The  amphibole  occurs  in  very  small 
crystals  arranged  with  their  longer  axes  in  a  common  direction. 
It  is  uniformly  distributed  throughout  the  area,  and  it  i3  to  these 
minute  crystals  and  the  very  small  amount  of  iron  oxide  present 
that  the  dark  color  of  the  gneiss  is  due.  It  occurs  in  well-de- 
tined  crystals,  the  prismatic  planes  ooP  and  ooPab  being  usu- 
ally present.  The  prism  faces  are  well  defined  and  the  terminal 
faces  are  also  well  developed  in  the  very  minute  crystals,  but 
the  ends  of  the  larger  crystals  as  a  rule  are  jagged  and  frayed 
out.  The  perfect  cleavage  parallel  to  the  prism  faces  is  well 
shown. 

Bepeated  efforts  were  made  to  determine  the  position  and  in* 
tensity  of  the  axes  of  elasticity,  but  without  success.  The  small 
size  of  the  crystals  and  the  strong  pleochroism  is  such  that 
nothing  definite  could  be  ascertained.  The  amphibole  is  deeply 
colored  and  strongly  pleochroic,  the  difference  in  color  absorp- 
tion in  the  direction  of  the  three  axes  being  always  very  prom- 
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inent.  The  absorption  colors  along  the  crystallograpliic  axes 
a,  b,  and  c  are  as  follows :  along  c  =  deep  blue,  along  b  =  azure 
blne^  along  a  =  light  yellow  green.  This  would  assign  the  am- 
pUbole  to  any  one  of  the  three  blue  varieties,  glaucophane, 
arfedsonite,  or  riebeckite.  These  are  the  amphiboles  especially 
rich  in  soda,  and  would  be  expected  in  a  rock  like  the  Berlin 
gneiss  which  contains  a  considerable  amount  of  this  alkali.  Rie- 
beckite differs  from  glaucophane  in  having  c  nearly  coinciding^ 
with  crystallographic  a,  and  a  nearly  coinciding  with  crystal- 
lographic  c,  while  in  glaucophane  the  axes  of  elasticity  are  nearly 
the  corresponding  crystallographic  axes.  Since  the  relative  po- 
sition of  the  axes  of  elasticity  could  not  be  determined  nor  an 
analysis  made,  it  was  impossible  to  identify  the  mineral  closer 
than  to  place  it  as  a  member  of  the  blue  soda-amphibole  series. 

The  blue  amphibole  occurs  in  streaks  and  aggregates  in 
straight  lines,  and  where  adjacent  to  phenocrysts  they  bend  and 
curve  about  them  in  such  a  way  as  to  give  the  latter  the  appear- 
ance of  eyes,  as  in  the  "augen  gneiss."  The  amphibole  is  pres- 
ent in  the  tail-like  appendages  of  the  granulated  phenocrysts,  and 
also  in  the  spaces  between  the  sundered  parts  of  the  long  drawn 
out  crystals,  and  it  is  also  mingled  with  the  granules  of  the  com- 
pletely crushed  phenocrysts.  It  often  occurs  in  the  cleavage 
cracks  of  the  feldspar  crystals.  In  its  association  with  the  me- 
chanically deformed  phenocrysts  it  shows  no  deformation  in 
itself  in  being  fractured  or  pulled  apart. 

Alteration  of  the  amphibole.  The  amphibole  alters  or  is  re- 
placed by  two  minerals,  a  variety  of  brown  biotite,  and  a  high 
doubly-refractive  colorless  mineral,  which  may  be  either  calcite 
or  dolomite.  The  biotite  is  perhaps  the  more  abundant  product 
although  in  some  sections  the  colorless  carbonate  (calcite  or  dolo- 
mite) is  also  quite  plentiful.  The  association  of  the  colorless 
carbonate  with  the  amphibole  and  biotite  would  seem  to  indicate 
that  the  carbonate  contains  magnesia  and  may  be  dolomite^ 
rather  than  calcite.  The  biotite,  where  the  genetic  relations  are 
definite,  occurs  at  the  frayed  edges  of  the  amphibole  and  also 
aaaiunes  a  greater  or  less  part  of  the  original  amphibole  crystal. 
Sometimes  the  alteration  of  the  amphibole  to  the  carbonate  i» 
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through  biotite,  but  often  the  change  seems  to  be  a  direct  one 
to  the  carbonate.  In  those  sections  in  which  the  biotite  is  most 
abundant,  there  the  carbonate  is  also  most  plentiful  and  the 
amphibole  of  less  importance.  In  most  of  the  sections  the  am- 
phibole  is  fresh  and  the  biotite  is  usually  absent,  so  that  by  far 
the  most  abundant  dark  mineral  in  the  gneiss  is  the  former  min- 
eral. The  biotite  usually  has  a  habit  and  orientiation  like  the 
amphibole.  Sometimes  the  biotite  occurs  in  blades  or  bundle- 
like aggregates  of  blades. 

The  carbonate  sometimes  wholly  but  usually  only  partly  re- 
places the  amphibole.  It  also  occurs  as  an  infiltration  between 
the  grains  of  quartz  and  feldspar.  It  is  also  at  the  frayed  ends 
of  the  prisms  of  both  amphibole  and  biotite.  In  the- replace- 
ment of  the  amphibole  by  biotite  and  the  carbonate,  the  end 
product  differs  essentially  in  composition  from  the  amphibole. 
This  must  necessitate  a  considerable  exchange  in  mineral  sub- 
stance which  is  interchanged  by  the  agent  of  water  solution. 

Magnetite.  This  iron  oxide  is  quite  abundant  in  many  of 
the  thin  sections.  It  occurs  in  aggregates  and  streaks  through- 
out the  groundmass. 

Apatite.  This  mineral  occurs  sparingly.  It  has  the  usual 
habit  of  the  long,  needle-like  crystals,  exhibiting  the  common 
transverse  jointing. 

Oamet.  There  is  present  in  many  of  the  thin  sections  a  vari- 
able amount  of  the  colorles3  garnet,  grossularite.  It  occurs  in 
granular  aggregates,  in  vein-like  areas,  and  also  as  single  indi- 
viduals in  the  groundmass.  It  is  almost  colorless  with  a  tinge 
of  reddish  brown,  and  has  a  high  index  of  refraction. 

Zircon.  This  mineral  occurs  to  a  very  small  extent  in  the 
groundmass.  It  also  occurs  as  inclusions  in  the  more  weathered 
phenocrysts  of  feldspar. 

TJie  texture  of  the  groundmass.  The  parallel  arrangement 
of  many  of  the  constituents  of  the  groundmass  in  a  plane  par- 
allel to  the  longer  axes  of  the  mashed  phenocrysts  has  already 
been  alluded  to.  In  PI.  VII.,  fig.  2,  is  shown  a  thin  section  of 
the  gneiss  in  ordinary  light.  In  this  figure  is  shown  a  good 
sized  phenocryst  of  feldspar  adjacent  to  which  the  minute  dark 
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crystals  of  amphibole  bend  in  curving  lines.  Farther  away  from 
the  phenocryst  the  amphibolea  lie  in  nearly  straight  lines.  In 
many  of  the  thin  sections,  as  already  stated,  it  can  be  seen  that 
the  streaky  arrangement  of  the  quartz  and  feldspar  of  the 
groundmass  is  due  to  the  difference  in  the  size  of  grains  and  to 
the  arrangement  of  their  slightly  longer  axes  in  a  common  direc- 
tion. This  laminated  arrangement  of  the  constituents  of  the 
Berlin  gneiss  gives  it  the  gneissic  texture,  an  appearance  resem- 
bling that  of  the  simple  fluxion  texture  of  a  volcanic  rock. 

The  recrystallization  of  the  groundmass.  The  effect  of 
pressure  upon  the  feldspar  phenocrysts  is  shown  in  their  phe- 
nomena of  granulation,  separated  and  pulled  out  parts,  fractur- 
ing and  strain  shadows.  It  is  believed^  that  the  pressure  that 
produced  the  deformation  of  the  phenocrysts  in  a  similar  way 
produced  the  gneissic  texture  of  the  groundmass  under  such  con- 
ditions that  the  constituents  of  the  latter  recrystallized  and  as- 
sumed in  general  a  parallel  orientation. 

The  amphibole  is  thought  to  be  secondary  for  the  foUovmig 
reasons :  This  mineral  not  only  occurs  in  the  general  ground- 
mass,  but  is  also  formed  with  a  similar  habit  in  the  appendages 
to  the  phenocrysts,  which  owe  their  production  to  the  process 
of  mashing  of  the  latter.  The  amphibole  occurs  in  the  areas  of 
partly  and  wholly  granulated  phenocrysts,  and  must  have  been 
developed  during  the  process  of  the  deformation.  The  parallel 
arrangement  of  the  amphibole  crystals,  like  the  similar  arrange- 
ment of  the  mica  and  amphibole  constituent  in  many  of  the 
crystalline  schists,  is  apparently  due,  as  explained  in  the  latter, 
to  the  development  of  such  constituents  while  under  great  pres- 
sure and  at  a  time  when  the  rock  was  permeated  with  water  solu- 
tions under  conditions  of  at  least  moderately  high  temperature. 

The  quartz  and  feldspar  of  the  groundmass  likewise  appear  to 
be  a  secondary  crystallization.  These  minerals  are  f  oimd  filling 
the  fractures  in  the  pidled  out  phenocrysts,  where  they  have  the 
same  character  as  in  the  general  groimdmass.  The  granular 
association  of  the  quartz  and  feldspar  is  more  like  the  texture  of 

^See  Metamorphism  and   Bock   Flowage  by  C.  B.   Van  Hise:    Ball. 
Geol.  Soc.  Am.,  Vol.  0,  pp.  268-328.    1808. 
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the  metamorpbic  schists  or  like  the  granular  quartz  in  the  jasper 
slates,  and  essentially  differs  from  the  complex  textures  of  iwr- 
phyritic  volcanic  rocks.  Although  there  is  not  very  marked  dif- 
ference in  the  diameter  of  the  quartz  and  feldspar,  yet  their 
longer  axes  appear  to  lie  in  a  parallel  direction.  The  quartz  and 
ieldspar  possess  undulatory  extinction  only  to  a  very  small  ex- 
tent, and  like  the  amphibole  never  show  any  fracturing.  The 
constituents  of  the  groundmass  are  thus  in  marked  contrast  with 
the  extreme  mechanical  deformation  of  the  phenocrysts. 

From  these  facts,  therefore,  the  conclusion  is  drawn  that  the 
groundmass  is  a  development  of  recrystallization  under  pressure. 
That  is,  the  pressure  that  has  been  effective  in  granulating  the 
phenocrysts,  has  been  sufficient,  with  its  accompanying  heat  and 
water  solutions,  to  cause  the  recrystallization  of  the  groundmass. 

Thus  it  appears  that  the  gneissic  structure  as  it  now  stands  is 
only  in  part  of  me^shanical  origin.  It  is  a  combination  of  mash- 
ing and  recrystallization,  in  which  the  coarser  porphyritic  con- 
stituent is  granulated  into  smaller  individuals  and  the  grotmd- 
mass  recrystallized  into  larger  granules.  This  process  could  un- 
der these  conditions  be  prolonged  until,  in  a  general  way,  the 
grain  of  the  rock  would  approach  uniformity. 

Such  an  explanation  of  the  origin  of  the  groundmass  of  the 
Berlin  rock  is  in  harmony  with  the  conclusions  of  various  inves* 
tigators  in  the  crystalline  schists  and  other  metamorphic  rooks. 
In  the  sheared  gabbros  of  the  Lizard,  Cornwall,  Teall^  describes 
it  perfect  foliation  that  has  been  induced  by  pressure.  Teall 
says,  ^^There  is  no  reason  to  believe  that  foliation  of  the  kind  re- 
ferred to  in  this  communication  can  take  place  without  molecular 
Tearrangement." 

Calloway^  in  studying  the  processes  of  metamorphism  in  the 
Malvern  Crystallines  is  led  to  the  following  conclusions :  "All 
the  crystallines  of  Malvern  were  originally  massive  and  amorph- 
ous. By  a  process  of  crushing  and  shearing,  accompanied  by 
.the  evolution  of  heat  and  the  generation  of  intense  chemical 
'energy,  a  parallel  structure  has  been  here  and  there  produced, 

1  Geol.  Mag.,  November,  1886,  p.  481. 

'  Proceedings  of  the  Ldverpool  Geological  Society,  1895-6,  p.  454. 


Digitized  by  LjOOQIC 


TBE    WAUSHARA    GRANITE.  47 

new  minerals  have  been  formed,  and  reconstruction  on  a  large 
scale  has  been  effected." 

Van  Hise,^  in  discussing  the  general  origin  of  crystalline 
schists,  concludes  as  follows :  "The  development  of  the  crystal- 
line schists  is  therefore  believed  to  be  explained  as  a  process  of 
chemical  reaction  induced  by  mechanical  action,  resulting  in  the 
constant  solution  and  recrystallization  of  the  material  so  as  to 
accommodate  it  to  the  changed  form." 


III.     THE  WAUSHAEA  GKAXITE. 

GEOLOGY. 

Diatribvtion  of  the  granite.  The  various  outcrops  of  granite 
here  described  are  located  in  the  townships  of  Marion  and  War- 
ren in  the  southeastern  part  of  Waushara  county.  See  map,  PL 
2.  Their  locality  is  about  twelve  miles  northwest  of  the  Berlin 
outcrop,  and  about  thirty  miles  northwest  of  the  area  of  rhyolite 
at  XJtley.  All  these  granite  areas  are  well  exposed  and  range 
from  small  elevations  to  ridges  and  knobs  fifty  feet  above  the 
surrounding  area.  They  are  but  a  few  miles  apart.  The  inter- 
vening country  i3  overlain  by  the  Upper  Cambrian  sandstone 
and  the  Glacial  Drift.  Other  areas  of  this  granite  will  prob- 
ably be  found  in  the  adjoining  townships,  but  their  description 
and  location  are  necessarily  deferred  to  a  later  report  of  the 
Survey. 

The  outcrops^  to  be  mentioned,  conmiencing  the  enumeration 
from  the  north,  are  as  follows: 

(1)  The  Berlin  Granite  Co.'s  quarry,  a  small  area  located  at 
the  south  quarter  post  of  Sec.  8,  T.  18  K,  R.  12  E.,  in  the  town- 
ship of  Warren,  Waushara  county. 

(2)  Milwaukee  Granite  Co.'s  quarry  and  outcrops  on  adjoin- 

>  Bull.  Qeol.  See.  Am.,  Vol.  9,  p.  306. 

'The  writer  is  indebted  to  Mr.  A.  T.  Lincoln  for  apecimena  from  a  num- 
ber of  the  granite  ledges. 
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ing  farm  of  J.  MacHoll,  Tnaking  a  broken  ridge  of  granite  some- 
thing oyer  a  mile  in  length  and  about  one-f onrth  of  a  mile  in 
width.  This  ridge  lies  in  the  south  one-half  of  Sec.  18,  T.  18 
N.,  E.  12  E.,  township  of  Warren,  and  in  the  southeast  comer 
of  Sec.  13,  T.  18  K,  R.  11  E.,  in  the  township  of  Marion,  Wau- 
shara county.  There  is  also  an  outcrop  adjacent  to  this  in  the 
southeast  corner  of  Sec.  19,  T.  18  K,  R.  12  E. 

(3)  The  several  outcrops  on  the  farms  of  Mr.  Morrisey  and 
Mr  Sivert  in  the  eastern  part  of  Sec.  27,  T.  18  N.,  R.  11  E.,  in 
the  township  of  Marion. 

(4)  A  large  hill  or  ridge  of  the  granite  on  the  farm  of  Mr. 
Scoby  in  the  north  one-half  of  Sec.  2,  T.  17  K,  R.  11  E.,  in  the 
township  of  Seneca,  Green  Lake  county.  This  outcrop  has 
been  referred^  to  as  the  Seneca  (Pine  Bluff)  Quartz  Porphyry. 
However,  it  is  a  typical  granite  and  is  in  all  respects  like  the 
other  granite  ledges  above  enumerated. 

Type  of  rock.  The  rock  constituting  theso  areas  is  essentially 
the  same  throughout.  It  is  a  fine  grained  dull  red  granite  con- 
sisting of  feldspar  and  quartz,  and  a  very  small  amount  of  fine 
mica.  Differences  in  size  of  grain  and  color,  due  to  processes 
of  weathering  and  granulation,  are  evident  in  some  of  the  out- 
crops, but  need  no  special  mention.  The  outcrops,  especially 
the  larger  areas,  show  numerous  fractures  and  joints.  Dynamic 
metamorphism  has  been  effective  in  producing  a  cleavage  suffi- 
cient to  allow  some  of  the  granite  areas  to  be  readily  quarried. 
Paving  blocks  are  an  important  product,  and  the  granite  is  also- 
used  for  building  and  monumental  purposes. 

DiheSy  veinSy  and  fissures  in  the  granite.  Many  of  the  out- 
crops are  cut  by  dikes  of  a  black  basic  rock.  In  the  quarry  of 
the  Berlin  Granite  Co.  are  two  dikes  intruding  into  the  granite. 
One  of  these  is  about  a  foot  in  thickness  and  strikes  N.  70°  E. 
and  dips  90°,  and  the  other  strikes  slightly  N.  of  E.  and  also  has 
a  vertical  dip.  The  readiest  cleavage  of  the  granite  at  this 
quarry  is  approximately  parallel  to  these  dikes.  Besides  the 
basic  dikes  there  are  several  veins  of  fine  granite  that  cut  the 
normal  granite.  These  granite  veins  are  of  the  nature  of  the 
J  Geol.  of  Wis.,  Vol.  II.,  p.  520. 
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general  type  of  granite.  Numerous  veins  of  quartz  from  a 
fraction  of  an  inch  to  six  inches  in  thickness  extend  in  several 
xlirections. 

In  the  area  of  the  Milwaukee  Co.'s  quarry  is  a  prominent  vein 
of  quartz  varying  in  thickness  from  three  to  twelve  inches  that 
extends  through  the  outcrop  for  a  considerable  distance.  A 
large  and  persistent  fissure  containing  much  shattered  rock  also 
occurs  in  this  quarry.  The  fissure  runs  in  the  direction  N.  75° 
W.  About  one-fourth  of  a  mile  south  of  the  Milwaukee  quarry 
the  wagon  road  crosses  a  low  small  ridge  of  granite,  which  is 
intruded  by  a  large  dike  of  the  greenstone.  This  dike  has  a 
thickness  varying  from  one  to  four  feet,  and  strikes  N.  85°  E. 
The  dike  was  followed  the  whole  length  of  the  granite  ridge,  a 
distance  of  about  three  hundred  steps.  The  dike  does  not  con- 
tinue in  a  straight  line  for  any  distance,  but  cuts  across  and  fol- 
lows along  parallel  to  fissures,  apparently  following  planes  of 
weakness  in  the  older  granite. 

In  the  area  of  granite  in  the  northwest  comer  of  the  town  of 
Seneca,  Green  Lake  county,  there  is  a  coarse  phase  of  the  gran- 
ite. There  is  a  basic  dike  at  this  place  also,  which  is  a  very  ex- 
tensive one,  and  parts  of  it  have  been  mashed  into  a  mica  schist. 

MICROSCOPICAL    PETEOGRAPHY. 

The  thin  sections  show  the  rock  to  be  a  typical  granite  made 
up  almost  wholly  of  feldspar  and  quartz.  Biotite  occurs  to  a 
very  small  extent,  and  a  few  other  minerals  of  secondary  origin. 
The  size  of  the  grain  is  variable,  dependent  upon  the  amount  of 
granulation  of  the  quartz  and  feldspar  in  the  different  areas.  In 
the  study  of  the  granite,  under  the  microscope,  the  main  interest 
lies  in  the  comparison  of  its  mineral  composition  and  meta- 
morphism  with  its  consanguineous  surface  representatives,  the 
TJtley  metarhyolite  and  Berlin  rhyolite-gneiss.  For  this  pur- 
pose our  attention  is  necessarily  directed  to  the  metamorphism 
of  the  feldspathic  constituent,  although  the  quartz  also  shows 
definite  metamorphism. 

TJie  quartz.  The  quartz  appears  to  be  of  smaller  grain  than 
the  feldspar,  but  whether  or  not  this  is  entirely  due  to  def orma- 

BOCKS  4. 
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tion  it  is  not  certain*  Both  the  Lirge  and  small  crystals  of 
quartz  as  a  rule  are  characterized  by  strain  shadows  and  some- 
times fractures.  It  occurs  as  granophyric  intergrowths  with 
the  plagioclasCy  and  as  stringers  and  web-like  veins  through  the 
latter.  In  the  latter  case  at  leasts  their  association  with  the  feld- 
spar indicates  an  origin  due  to  the  processes  of  mashing  and 
lengthening  of  the  feldspar  crystals.  The  smaller  grains  of 
quartz  often  have  a  granular  association  with  f eldspar,  like  the 
groundmass  of  the  rhyolite-gneiss. 

The  feldspar.  The  feldspathic  constituent  not  only  shows 
much  evidence  of  mashing  and  mechanical  def  ormationy  but  is 
also  characterized  by  microperthitic  growths  and  microcline  twin- 
ning. The  feldspar  is  of  three  types,  plagioclase,  microperthitCy 
and  soda  microline. 

The  plagioclase  is  not  only  characterized  by  the  usual  poly- 
synthetic  twins,  but  in  general  throughout  the  sections  it  has  a 
color  slightly  different  from  the  microperthite  and  soda  micro- 
line,  having  more  of  a  yellowish  tinge.  It  is  usually  studded 
with  alteration  products,  and  the  twin  lamellflB  are  often  bent 
and  broken  apart. 

About  one-half  of  the  feldspar  is  microperthite  of  the  same 
general  appearance  as  that  occurring  in  the  Utley  rhyolite,  and 
like  that  which  also  occurs  to  a  very  small  extent  in  the  rhyolite- 
gneiss.  Several  of  the  ciystals  that  were  cut  through  the  plane 
of  the  brachy-pinacoid  (oo  P  do)  were  measured  for  the  extinc- 
tion angles  of  the  perthitic  growths.  The  angle  approximated 
from  +5°  to  +7°  for  one  variety,  and  +17°  to  +21°  for  the  other, 
indicating  oligoclase-andesine  and  albite  respectively.  This  in- 
dicates a  composition  of  the  feldspar  in  agreement  with  the  mi- 
croperthite of  the  other  areas.  It  has  been  impossible  to  demon- 
strate in  any  individual  case  that  the  perthite  in  the  granite  is  a 
secondary  alteration  of  the  simple  plagioclase,  as  is  the  case  in 
the  Utley  rhyolite.  But  from  its  close  analogy  with  the  Utley 
microperthite  it  is  very  probable  that  they  have  a  conunon  origin 
in  both  cases.  The  microperthita  is  fresh  in  appearance,  and  in 
this  is  in  marked  contrast  with  the  plagioclase  which  usually 
contains  numerous  inclusions.      The  perthitic  growths  some- 
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times  give  evidence  of  some  genetic  relation  to  deformation^ 
since  the  secondary  feldspar  often  fills  the  spaces  in  the 
elongated  and  mashed  plagioclase. 

The  cross  twinning  of  microline  is  conmion  to  much  of  the 
feldspar.  The  cross  lamellae  are  well  outlined,  and  the  feldspar 
has  the  structure  of  typical  microcline.  It  can  be  shown  in  sev- 
eral individual  cases  that  the  soda-microcline  has  originated 
from  the  simple  plagioclase  by  the  development  of  twinning  on 
the  application  of  pressure.  The  effects  of  pressure  in  bending 
the  twin-lamella)  of  the  plagioclase  and  pulling  the  crystal  apart 
and  in  inducing  strain  shadows  in  both  the  quartz  and  feldspar^ 
is  revealed  in  all  the  thin  sections  of  the  granite.  The  relation  of 


Fio.  13.— Section  of  granite  showing  granulation  and  development  of  seoondarj 
twinning  In  plagioclase. 

the  microcline  to  the  plagioclase  can  best  be  brought  out  by  a 
reference  to  the  following  figures: 

In  fig.  13  is  shown  a  crystal  of  the  plagioclase,  the  outer  part 
of  which  consists  of  somewhat  bent  twinning  lamellsB.  The 
inner  core  consists  of  plagioclase  twinned  according  to  the  albite 
law.  On  the  application  of  pressure  the  outer  boundary  was 
twinned  according  to  the  pericline  law,  the  pericline  lamell£& 
dying  out  towards  the  center  of  the  crystal.  This  pressure  also 
produced  granulation  to  some  extent,  and  mashed  and  pinched 
the  end  of  the  plagioclase.  In  the  process  the  albite  lamell» 
were  somewhat  bent.  The  inner  core  is  appreciably  more  al- 
tered than  the  rim. 
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The  alteration  of  plagioclase  to  microcline  is  shown  in  PI.  X., 
fig.  1.  There  is  shown  in  the  figure  a  well  defined  crystal  of 
feldspar,  the  lower  half  of  which  is  singly  striated,  while  the  up- 
per half  has  the  double  twinning  of  microcline.  The  boundary 
between  the  two  is  distinct  but  jagged,  and  the  microcline  ap- 
pears to  have  eaten  its  way  into  the  plagioclase.  The  original 
crystal  is  plagioclase,  twinned  according  to  the  albite  law.  In 
the  processes  of  the  deformation  of  the  granite,  cross  twinning 
was  probably  induced,  both  sets  of  the  new  twinning  lamellsd 
being  finer  than  the  original,  and  one  set  coinciding  with  the 
earlier  twins.  Narrow  reticulating  areas  of  untwinned  feldspar 
ramify  through  the  microcline.  The  plagioclase  has  a  somewhat 
different  color  from  the  microcline,  having  more  of  a  yellowish 
tinge,  while  the  latter  has  a  translucent  aspect.  In  the  upper 
right  hand  part  of  the  crystal  are  two  small  remnants  of  the  plag- 
ioclase within  the  area  of  microcline.  The  plagioclase  contain? 
numerous  areas  richly  studded  with  decomposition  products, 
while  the  microcline  in  general  is  free  from  such  inclusions. 

The  relative  abundance  of  alteration  products  in  the  plagio- 
clase and  microcline  is  better  shown  in  PI.  X.,  fig.  2.  In  this 
figure  is  shown  a  crystal  of  feldspar  made  up  of  two  parts;  one 
part  is  studded  with  inclusions  and  the  other  part  is  microcline 
partly  surrounding  and  ramifying  through  the  former.  The 
microcline  is  fresh  and  unaltered,  and  in  marked  contrast  with 
the  clouded  area  that  contains  many  of  the  ordinary  alteration 
products  of  feldspar,  namely,  sericite,  chlorite,  and  microscopic 
colorless  inclusions.  At  the  upper  left  hand  corner  of  the  crys- 
tal the  microcline  and  clouded  plagioclase  clearly  grade  into  one 
another.  Granulation  has  gone  on  to  some  extent,  and  a  frac- 
ture extends  across  near  the  upper  boundary  of  the  lower  band 
of  microcline.  The  clouded  part  has  indistinct  twinning  strise 
that  run  nearly  vertical  in  the  figure,  and  coincide  with  one  set 
of  twinning  lamellsB  in  the  microcline. 

Reviewing  the  phenomena  presented  in  fig.  13  and  PL  X., 
figs.  1  and  2,  the  history  of  the  feldspar  is  thought  to  be  as  fol- 
lows: The  original  feldspar  is  plagioclase  in  good  sized  crystals, 
a  soda-lime  variety  containing  some  potash,  as  indicated  by  the 
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analysis  of  the  granite  and  also  by  its  similarity  to  the  Utley 
feldspar,  analysis  of  which  is  given  on  page  2.  In  the  process 
of  the  deformation  of  the  granite  the  plagioclase  was  in  part 
granulated^  and  in  part  changed  to  soda-microcline  by  the  devel- 
opment of  secondary  twinning. 

The  fact  that  the  older  plagioclase  contains  many  secondary 
inclusions  and  the  microcline  is  clear,  might  indicate  that  the 
latter  differs  somewhat  in  composition  from  the  original  plagio- 
clase. Certainly  there  is  a  change  in  molecular  arrangement, 
and  under  these  conditions  chemical  change  would  be  favored. 
But  it  is  also  true  that  secondary  twinning  can  be  induced  in  in- 
dividual crystals  without  any  attendant  chemical  change.  A 
change  in  the  potash  constituent  may  be  suggested.  The  pradr 
ence  of  the  sericite  in  the  plagioclase,  however,  wotdd  seem  to  in- 
dicate that  there  is  potash  in  the  latter  mineral,  but  its  absence 
from  the  microcline  cannot  indicate  that  the  latter  bears  no  pot- 
ash. "Where  the  reverse  conditions  are  present,  as  in  the  case 
cited  by  Whittle,^  in  which  the  plagioclase  is  secondary  after 
microcline,  and  the  microcline  is  clouded  with  sericite  and  the 
plagioclase  clear.  Whittle  is  inclined  to  believe  that  the  absence 
of  the  sericite  in  the  plagioclase  is  to  be  explained  by  the  loss  of 
the  potash  molecule  in  the  transition  to  plagioclase.  Although 
the  example  given  in  PI.  X.,  fig.  2,  and  that  given  by  Whittle 
differ,  as  above  indicated,  they  are  alike  in  that  the  secondary 
mineral  in  both  cases  is  fresh  and  the  older  feldspar  is  studded 
with  the  secondary  sericite. 

It  may  be  that  the  production  of  sericite  and  microcline  from 
the  older  plagioclase  went  on  at  the  same  time,  since  both  are  ad- 
juncts to  mechanical  deformation.  If  the  alteration  of  the 
plagioclase  to  sericite  is  subsequent  to  the  mechanical  deforma- 
tion, then  the  difference  in  alteration  may  be  due  to  unlike  mo- 
lecular arrangement  of  the  secondary  microcline  and  original 
plagioclase.  The  persistent  cloudiness  and  alteration  of  the 
plagioclase  in  contrast  with  the  fresh  microcline  and  microper- 
thite  is  a  general  phenomenon  throughout  the  granite  area.  In 
the  Utley  rhyolite  the  older  cores  of  plagioclase  seem  to  have 

>  Bull.  G.  S.  A.,  Vol.  4,  1803,  pp.  162-4. 


Digitized  by  LjOOQIC 


54    I0NE008    ROCKS    OF    THE    FOX    RIVER    VALLEY. 

been  altered  previous  to  tlie  development  of  the  clear  microper- 
thite  of  the  rims.  The  feldspar  phenocrysts  of  the  Berlin  gneias 
lire  usually  very  free  from  inclusions^  and  no  traces  of  the  ordi- 
nary twinned  plagioclase  are  present. 

Oranophyric  structure  in  feldspar  and  quartz.  Granophyric 
structure  of  quartz  and  feldspar  is  common  in  many  of  the 
larger  crystals  of  feldspar.  In  its  occurrence  it  seems  to  have 
its  origin  in  a  process  somewhat  allied  to  granulation.  Some  of 
the  crystals  of  soda-microcline  contain  numerous  streaks  of 
quartz  that  seem  to  be  along  shearing  planes  or  tensile  fractures 
in  the  feldspar.  The  streaks  of  quartz  in  the  feldspar  usually 
have  the  same  orientation.  Seen  in  cross  section  the  ends  of 
these  streaks  may  or  may  not  be  separated  by  areas  of  soda-micro- 
cline. In  the  latter  case  they  appear  as  curving  canals  and 
polygonal  outlines  like  the  usual  figures  of  granophyre.  Its 
association  with  the  secondary  soda-microcline  and  streaky  char- 
acter in  this  mechanically  deformed  rock  would  seem  to  indicate 
its  secondary  origin. 

Other  minerals  of  the  granite.  Biotite  occurs  to  a  small  ex- 
tent in  the  granite,  in  small  crystals  and  in  veins  and  spaces  be- 
tween the  quartz  and  feldspar.  Some  magnetite  and  other  iron 
oxide  is  also  present.  The  sericite  and  small  amount  of  chlorite 
have  already  been  mentioned  in  connection  with  the  alteration 
of  the  plagioclase. 

Composition  of  the  hasic  dikes.  The  greenstone  dikes  that 
penetrate  the  various  outcrops  of  granite  are  usually  rather  mas- 
fiive.  Under  the  microscope  the  principal  mineral  is  seen  to  be 
a  green  variety  of  amphibole  in  very  small,  well  outlined  crys- 
tals. There  is  some  variation  in  the  mineral  composition.  In 
some  localities  the  plagioclase  is  entirely  absent,  while  in  other 
places  it  is  abimdant.  In  some  cases  brown  biotite  constitutes  a 
great  proportion  of  the  dark  mineral.  The  amphibole  is  a  green 
variety  and  is  probably  common  hornblende.  The  rock  of  the 
'dikes  probably  should  be  classed  as  a  metamorphosed  diorite  or 
peridotite. 
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SUMMAKY. 

(1)  The  three  areas  of  igneous  rock  described  in  the  forego- 
ing are  of  pre-Cambrian  age,  and  appear  to  have  been  islands  off 
the  ancient  shore  line  of  the  large  and  continuous  pre-Cambrian 
area  of  the  northern  part  of  the  state.  The  topography  of  these 
areas,  with  others  of  the  Fox  Eiver  Valley,  indicates  that  the 
region  was  not  reduced  to  a  base  level  at  the  time  of  the  en- 
croachment of  the  Paleozoic  sea, 

(2)  The  rocks  of  these  isolated  outliers  are  congenitally  re- 
lated, as  shown  by  the  close  agreement  in  chemical  composition 
shown  by  analysis.  The  similarity  in  composition  of  these  out- 
crops with  that  at  Baraboo  establishes  the  fact  that  a  petro- 
^raphic  province  of  considerable  extent  is  represented  in  these 
pre-Cambrian  formations. 

(3)  These  congenital  rocks  represent  various  phases  of  the 
parent  magma,  and  range  from  volcanic  flows  to  masses  of  deep 
seated  origin,  with  corresponding  textures. 

(4)  There  is  a  difference  in  the  metamorphism  in  the  various 
outcrops  due  to  the  unlike  conditions  through  which  they  have 
passed  since  their  original  crystallization.  In  the  Utley  meta- 
rhyolite  the  metamorphism  has  taken  place  under  static  condi- 
tions, no  cleavage  is  developed  in  the  rock,  and  alteration  of  the 
phenocrysts  and  groundmass  has  taken  place  through  chemical 
change  without  the  aid  of  mechanical  deformation.  The  Berlin 
rhyolite-gneiss,  on  the  other  hand,  has  been  subjected  to  extreme 
deformation,  the  original  rhyolite  has  been  mashed  into  a  gneiss, 
a  perfect  system  of  cleavage  and  fractures  has  been  developed 
throughout  the  area,  and  chemical  reaction  and  strains  induced 
by  mechanical  action  have  resulted  in  the  almost  complete  re- 
crystallization  of  the  rock.  The  metamorphism  of  the  Wau- 
shara granite  has  been  in  part  static  and  in  part  mechanical, 
cleavage  has  been  developed  and  granulation  of  the  quartz  and 
feldspar  has  taken  place  to  some  extent. 

(5)  The  original  feldspar  constituent  of  the  various  areas  is  a 
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plagioclase,  a  soda-lime-potash  variety,  and  so  far  as  could  be  de- 
termined, this  species  is  common  throughout  the  areas. 

(6)  The  plagioclase  shows  stages  of  alteration  from  its  orig- 
inal condition.  This  metamorphism  takes  place  in  two  ways,  by 
a  development  of  microperthite  through  chemical  change  under 
static  conditions,  and  by  the  development  of  soda-microcline  by 
secondary  twinning  on  the  application  of  pressure.  The  charac- 
teristic change  in  the  Utley  metarhyolite  is  to  microperthite,  the 
change  in  the  Berlin  gneiss  is  to  microperthite  and  to  soda-micro- 
cline, and  the  Waushara  granite  shows  both  these  products  of  al- 
teration in  about  equal  proportion. 

(7)  The  nature  of  the  microperthite  is  that  of  an  interlocking 
growth  of  two  species  of  feldspar,  one  species  being  albite  with 
an  extinction  angle  of  19^  on  the  brachypinacoid  (oo  P  do) ,  and 
the  other  species  is  oligoclase-andesine  with  an  extinction  angle 
of  5^  to  7^  on  the  same  face.  The  perthitic  growths  tend  to  de- 
velop a  definite  crystal  form,  are  bounded  by  domes,  prisms,  and 
pinacoids,  and  appear  to  have  a  regular  arrangement  in  the  crys- 
tals in  which  they  occur. 

The  microperthite  is  secondary  and  has  developed  in  three 
ways,  each  kind  differing  slightly  from  the  other,  yet  all  being 
brought  about  by  similar  processes  of  recrystallization.  These 
processes  have  developed  the  microperthite  as  follows:  (a)  As 
secondary  enlargements  or  outgrowths  upon  older  crystals  of 
plagioclase ;  (b)  As  secondary  intergrowths  or  regenerations  of 
older  plagioclase;  (c)  As  complete  .new  phenocrysts  in  the 
groundmass.  All  three  are  exhibited  in  the  Utley  metarhyolite, 
while  in  the  Waushara  granite  the  perthite  ia  probably  wholly 
a  regeneration  of  the  plagioclase. 

(a)  In  the  process  of  growth  by  secondary  enlargement  the 
microperthite,  PI.  VIII.,  figs.  1  and  2,  as  seen  in  cross  section, 
occurs  as  rims  which  surround  an  inner  core  of  plagioclase,  the 
microperthitic  growths  having  an  orientation  nearly  coinciding 
with  the  plagioclase  of  the  core.  The  latter  is  fractured,  and 
contains  alteration  products,  while  the  microperthite  is  free  from 
fractures  and  is  always  fresh.  In  this  secondary  growth  of  new 
microperthite  about  the  plagioclase,  is  an  example  of  the  enlarge- 
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ment  of  phenocrysts  In  an  igneous  rock  which  is  analogous  to  the^ 
enlargement  of  the  crystal  grains  in  the  metamorphic  sedimen- 
tary rocks. 

(b)  As  a  regeneration  of  older  plagioclase  the  perthitic 
growths  have  an  orientation  in  common  with  the  "mother  crys- 
tal." The  new  perthitic  growths  tend  to  have  definite  crystal 
form  (PI.  VIL,  fig.  1,  and  fig.  1,  p.  16).  The  process  of  change- 
from  plagioclase  to  microperthite,  perthitization,  begins  at  the 
boundary  of  the  crystals  and  along  f  ractures,  and  the  plagioclase- 
is  invariably  clouded  with  alteration  products  while  the  micro- 
perthite has  a  fresh  appearance.  The  new  perthitic  growths  in  a 
single  crystal  appear  to  have  their  longer  axes  in  a  common  di- 
rection and  this  direction  is  in  either  of  two  planes.  They  may^ 
be  developed  with  their  longer  axes  in  the  plane  parallel  to  the 
composition  face  of  the  albite  twins,  the  brachy-pinacoid,  or  they 
may  be  developed  in  the  plane  parallel  to  the  composition  face  of 
the  pericline  twins,  the  rhombic  section.  It  is  also  believed  that 
these  new  growths,  in  whatever  plane  their  longer  axes  extend,, 
have  an  orientation  nearly  coinciding  with  the  older  plagioclase,. 
and  that  the  process  of  perthitization  is  analogous  to  paramor- 
phism.  Various  stages  of  the  process  of  change  to  perthite  aro 
present,  making  the  feldspar  phenocrysts  appear  irregularly 
mottled  and  the  perthitic  growths  with  irregular  boundary.  This^ 
incomplete  growth  of  the  new  feldspar  species  within  the  plagio- 
clase, and  the  fact  that  the  sections  are  usually  cut  obliquely  ta 
the  brachy-pinacoid  or  rhombic  section,  gives  the  feldspar  a 
mottled,  irregular  appearance  under  the  crossed  nicols  and  the 
perthitic  growths  then  appear  to  possess  no  symmetry  of  struc- 
ture. 

(c)  In  the  development  of  new  phenocrysts  of  microperthite 
in  the  metarhyolite,  the  new  growths  often  possess  sutures  from 
which  the  species  of  feldspar  of  slightly  different  orientation  pro- 
ject in  closely  intergrown  fibres.  (Figs.  6  and  6.)  They  pos- 
sess irregular  finger-like  shapes  and  seem  to  have  developed  along: 
minute  fractures  in  the  groundmass. 

(8)  In  the  Berlin  rhyolite-gneiss  the  feldspathic  constituent 
shows  much  evidence  of  deformation  in  being  fractured,  pulled 
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apart,  and  granulated,  and  where  the  deformation  is  not  too 
great  the  feldspar  usually  has  the  cross  twinning  of  microcline. 
In  the  Utley  metarhyolite,  which  is  almost  free  from  any  evi- 
dence of  deformation,  the  typical  cross  twinning  of  microcline 
was  not  observed.  In  the  Waushara  granite  where  the  mashing 
process  was  not  so  advanced  as  in  the  rhyolite^neias,  various 
stages  of  the  change  from  plagioclase  to  soda-microcline  were 
noted.  (PL  X.,  figs.  1  and  2.)  The  plagioclase  is  usually 
studded  with  sericite  and  biotite  and  is  clouded  with  minute  sec- 
ondary inclusions,  while  the  soda-microcline  is  translucent  and 
has  a  fresh  appearance.  The  secondary  twinning  lameUse  are 
finer  and  are  superinduced  (PL  X.,  figs.  1  and  2)  upon  the 
earlier  twinning  lamellse  of  the  plagioclase. 


APPENDIX. 

SOME    PREVIOUS    WORK    ON    MICBOPERTHITE  AND    80DA- 
MICROCLINE. 

It  is  proposed  to  present  at  this  place  a  review  of  some  of  the 
literature  on  the  perthitic  and  microcline  structure  of  feldspar, 
in  order  to  show  how  much  the  work  of  previous  investigators 
accord  with  one  another,  and  with  the  conclusions  arrived  at  in 
the  present  paper. 

Perthite  was  first  described  by  Thomson^  as  a  new  species  of 
feldspar,  but  later  it  was  shown  by  D.  Gerhard^  to  consist  of  in- 
terlaminated  orthoclase  and  albite.  Gerhard  made  an  analysis 
of  this  feldspar  and  showed  that  one  set  of  lamellsB  contained 
12.16  parts  of  potash  to  2.25  parts  of  soda,  and  that  the  other  set 
of  lamellse  contained  3.34  parts  of  potash  and  8.50  of  soda. 
Many  occurrences  of  perthite  have  since  been  noted  by  various 
authors. 

~nPhil.  Mag.  Vol.  22,  p.  189,  1843. 
>Zeit.  d.  Geol.  GeseU.  Heft  4;  Band  14.  p.  151, 1862. 
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When  the  perthitio  structure  is  discernible  only  with  the  mi- 
'croBcope,  according  to  Becke,  it  is  called  microperthite.  Other 
names  have  also  been  applied  descriptive  of  the  composition  and 
structure  of  the  perthitic  intergrowths,  such  as  orthoclase-micro- 
perthite,  microcline-microperthite,  and  cryptoperthite,  which  ap- 
pear in  many  cases  to  show  a  close  relation  to  soda-microcline  and 
^oda  orthoclase. 

H.  Credner*  describes  the  albite  in  perthitic  intergrowths  of 
orthoclase  and  albite,  as  follows '?  "Die  aus  dem  Perthitartigen 
Feldspath  extrahirte  Albitsubstanz  siedelt  sich  in  anf  anglich 
Tdeinen,  almalig  wachsenden  Krystallen  imd  Krystallincrustaten 
entweder  auf  des  Oberflache,  am  Fiisse  oder  in  des  weiteren 
XJmgebung  des  Mutterminerals,  in  ersterem  Falle  in  paralleler 
•SteUimg  zu  diesem  an/'  The  relative  amounts  of  the  potash 
silicate  to  the  soda  silicate,  in  this  case  was  as  4  is  to  1.  It  is  ap- 
parently Credner's  inference  that  none  of  the  orthoclase  received 
a  molecular  rearrangement  in  this  perthitic  intergrowth  al- 
though the  albite  molecule  has  been  extracted  from  it. 

A.  Sauer*  has  described  similar  alterations  of  the  feldspar  in 
.granites  of  Socotra  in  which  the  original  crystal  is  soda  ortho- 
clase, the  relation  of  potash  to  soda  being  9  to  6,  with  only  a 
trace  of  lime.  In  this  case  the  older  crystal  is  monoclinic  and 
the  change  to  albite  is  along  the  edges  of  the  soda  orthoclase, 
and  in  streaks  across  the  latter,  the  albite  lamellae  being  devel- 
oped with  their  longer  axes  normal  to  M,  but  the  line  of  growth 
being  in  a  direction  parallel  to  the  M  face.  Two  kinds  of  ortho- 
clase were  noted,  one  that  was  colored  reddish,  and  another  that 
•was  whitish  and  fresh  in  appearance  like  the  new  albite. 

The  whitish  feldspar  constituents  were  analyzed  and  showed 
:an  excess  of  albite  over  orthoclase  substance.  Of  this  Sauer 
says:*  "Ob  dieser  Vorgang  schliesslich  zu  einer  voUstandigen 
T^erdrangung  des  letzeren  durch  das  Natronsilicat  ftihren 
Iconnte,  ist  theoretisch  nicht    unwahrscheinlich,    an  vorliegen- 

iZeit.  d.  deutsch.  Geol.  Gesell.    Band  27,  pp.  101-261, 1875. 
M.c.p.  213. 

'  Zeit.  d.  deutsch.  Geol.  Gesell.    Band  40,  pp.  U&-152, 1888. 
*1.  c.p.  149. 
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den  Material  aber  nicht  mit  Sicherheit  zu  constatiren.  Es- 
Bcheint  eher,  als  ob  gleichzeitig  mit  der  Albitisirung  eine  Art 
von  Eegenerirung  reiner  Orthoklas  substanz  stattfande." 

J.  Lehhman^  has  also  described  secondary  growths  of  feldspar 
producing  a  perthitic  structure  in  which  he  explains  the  growth 
of  the  albite  as  taking  place  "in  fractures  in  orthoclaso  due  to- 
contraction  which  are  formed  parallel  to  the  pinacoidal  axis  and 
to  the  vertical  axis.  These  fractures  which  have  become  partly 
widened  by  etching  solutions  form  the  conducting  canals  for 
the  penetrating  albite."  That  is,  that  ready  albite  substance- 
penetrates  the  existing  cracks  and  heals  them.  Sauer  refers  ta 
Lehmann  and  does  not  agree  with  him  in  the  explanation  of  the- 
way  in  which  the  perthitic  structure  originated  secondarily^ 
holding  that  it  is  not  necessary  that  cracks  due  to  contraction 
should  be  present  for  the  growth  of  the  albite,  but  that  the 
growth  of  the  latter  is  probably  purely  chemical  from  the  older 
soda  orthoclase. 

W.  C.  Brogger,^  in  his  work  upon  the  syenite-pegmatitic  dikes 
of  Southern  Norway  has  given  an  excellent  description  of  the 
feldspar  prevalent  in  that  region.  The  feldspar  there  occurring, 
are  albite,  microcline,  microperthite,  and  cryptoperthite,  the- 
general  appearance  and  relations  of  which  are  very  similar  to  the 
feldspar  described  in  the  foregoing  paper.  The  composition 
of  the  feldspar  described  by  Brogger,  however,  is  alkaline  and 
almost  free  from  lime,  while  that  described  in  the  present  paper 
contains  more  lime  than  potash. 

Brogger  concludes^  that  there  are  two  kinds  of  microperthitic 
intergrowths,  the  origin  of  one  being  secondary  and  of  the  other 
primary.  That  of  secondary  growth  is  developed  in  the  plane  of 
the  vertical  axis,  the  orthopinacoid,  "durch  eine  Spaltung  de* 
ursprtinglich  auskrystallisirten  Natronorthokl^es" — "N  i  c  h  t 
secundar,  sondern  ursprtinglich  ist  dagegen  nach  meiner  Ansicht 
die  aussert  feine  mikroperthitische  Verwachsung  von  Albit  und 

>  Jahresbericht  d.  Schles.  Gesell.  f .  Vdterlandische  Cultur,  Band  63,  pp. 
©2-100,  1885. 
»Zeit  f.  Kryst.  Band  16,  pp.  524-53;  BrOgger,  pp.  520-564. 
•1.0.  p.  537. 
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nonnalem  Kaliorthoklas  im  Feldspath  vom  Gomso-Wege ;  diese 
primare  mikroperthitische  Verwachsung  unterscheidet  sich  in 
mehreren  Beziehungen  wesentlich  von  der  soeben  als  secundar 
angenommenen  in,  ersterLinie  auch  durch  die  verschiedene  Lage 
-der  Verwaehsungsebene  selbst,  welehe  bei  dem  Feldspath  vom 
GromsS-Wege  (wie  auch  bei  alien  nnten  zu  beschreibenden  Mi- 
kroperthiten  aus  den  Gangen  der  Gegend  des  Langesundf  jords) 
'Cinem  steilen  Orthodoma,  wahrscheinlich  ungefahr  8  Bx> ,  para- 
allel  ist,  w^hrend  die  Verwaehsungsebene  bei  den  secundaren 
mikroperthitischen  Verwachsungen  das  Orthopinakoid  iat." 
Br6gger  also  concludes  that  since  the  pure  potash  silicate 
KgAljSieOie  occurs  as  asymmetric  microcline,  that  monosym- 
metric  orthoclase  may  be  considered  as  a  cryptolamellar  micro- 
<5line,  as  held  by  Michel-L^vy,  Mallard,  Eosenbusch,  Groth,  and 
others,  "eine  Erklarung,  deren  Moglichkeit  nicht  bestritten 
werden  kann." 

Brogger  assumes  the  existence  of  very  fine  interlamination  of 
albite  and  orthoclase,  not  discernible  imder  the  microscope, 
which  he  terms  "Kryptoperthit,"  and  that  there  would  be  all 
gradations  of  this  cryptoperthite  into  soda-microcline  on  the  one 
hand,  and  coarser  microperthite  on  the  other. 

As  quoted  above  Brogger  describes  two  kinds  of  perthitic  in- 
tergrowths  differing  from  one  another  in  the  position  of  their 
planes  of  growth,  the  position  of  one  being  in  a  plane  parallel  to 
the  orthopinacoid  ooPdo  and  of  the  other  in  a  plane  approxi- 
mately parallel  to  a  steep  orthodome  8  Pdo  .  It  is  not  apparent 
however,  upon  what  evidence  he  bases  his  conclusion  that  the 
former  variety  is  of  primary  nature  and  the  latter  secondary. 

N.  V.  Ussing^  describes  the  alkali  feldspar  in  the  Greenland 
syenites,  which  occur  as  orthoclase-microperthite,  microcline 
microperthite,  cryptoperthite,  soda-orthoclase,  and  soda-micro- 
cline. In  general  both  silicates  (x  K  AL  SigOg  +  y  Na  Al  SigOg) 
are  crystallized  into  mixture  crystals,  within  each  of  which  the 
vertical  axis  or  prism  plane  is  common  for  all  the  molecules. 
These  mixture  crystals  are  either  homogeneous  soda-orthoclase 
(soda-microcline)  or  heterogeneous  perthite  with   subdivisions 

1  Meddelelser  om  GronlaDd.    Heft.  XIV.,  1894.  pp.  15-106. 
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microperthite  and  cryptoperthite.  The  former  are  united  with. 
the  latter  through  transitions  and  can  be  considered  as  crypto- 
perthite in  which  the  individual  lamellae  of  potash  and  soda  feld- 
spar sink  into  sub-microscopic  dimensions. 

According  to  Ussing  the  intergrowths  may  be  primary  or  sec- 
ondary. The  intergrown  planes  between  the  two  feldspars  of 
the  primary  growths  are  of  two  kinds,  those  that  arise  between, 
subsequent  crystallizing  parts  of  the  two  feldspars,  and  such  as. 
arise  between  simultaneous  crystallizing  parts.  The  intergrown 
planes  of  the  first  kind  follow  crystal  planes,  the  planes  of  the 
other  kind  do  not  correspond  to  any  crystallographic  plane  but 
owe  their  position  to  certain  crystallographic  elements  like  those- 
apparent  in  pericline  twins.  In  orthoclase  and  albite  the  planes, 
follow  along  the  steep  dome  (801) ;  in  cryptoperthite  (micro- 
cline)  they  follow  along  the  two  pyramidal  planes  (861)  and 
(861). 

TJssing  also  states  that  the  boundary  planes  of  the  secondary 
perthitic  lamellflB  become  the  same  as  the  primary  under  certain 
conditions,  and  under  other  conditions  they  do  not,  and  that  one- 
must  decide  in  each  individual  case  how  far  they  are  primary  or 
secondary. 

From  the  foregoing  it  will  be  seen  that  the  composition  of  the 
perthitic  feldspars  described,  differs  somewhat  from  one  another, 
but  in  general  they  are  almost  wholly  alkaline,  lime  entering  into- 
them  in  only  a  very  small  proportion.  In  contrast  with  these, 
those  described  from  Wisconsin  contain  more  lime  than  potash, 
the  molecular  proportions  being,  NagO  :  Ca  O  :  KgO  ::  11.61  r 
9.86  :  5.43. 

The  various  authors  mentioned  above,  and  others  not  reviewed 
here,  have  noted  the  fact  that  the  perthite  lamellae  are  developed 
along  certain  planes  of  the  feldspar  in  growths  considered  either 
primary  or  secondary  or  both.  These  planes  of  growths  "Ver- 
wachsungebene"  are  described  as  being  parallel  to  the  edge  be- 
tween P  and  M;  nearly  parallel  to  the  base  and  vertical  prisms; 
parallel  to  the  orthopinacoid ;  parallel  to  the  orthodom  8  P  a ; 
parallel  to  the  pyramid  planes  6  Pi  (86i)  and  6  Pi  (861) .  The 
growths  as  described  are  usually  along  the  vertical  axis,  other 
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planes  of  growth  being  not  so  common.  While  there  are  differ- 
ent planes  of  growth,  as  described  by  various  authors,  yet  all 
have  noted  that  there  is  in  certain  cases  at  least,  an  apparent  uni- 
formity in  the  structure  of  the  perthitic  feldspar. 

The  conclusions  arrived  at  by  the  author  as  to  the  nature  and 
origin  of  the  microperthite  and  soda  microcline  and  described 
in  this  paper,  are  given  in  the  summary,  p.  55.  The  original 
feldspar  is  plagioclase,  which  has  altered  to  microperthite  and 
microcline.  The  alteration  to  microperthite  is  by  a  chemical 
change  under  static  conditions,  and  to  microcUne  by  a  molecular 
change  on  the  application  of  pressure. 

The  microperthite  is  developed  in  three  ways,  of  similar  na- 
ture, by  enlargement  of  older  plagioclase,  by  regeneration  of 
older  plagioclase,  and  by  entire  new  growths  in  the  groundmass. 
The  microperthite  of  the  enlargements  have  an  orientation  de- 
pendent upon  the  crystal  upon  which  they  are  grown.  The  mi- 
croperthite due  to  regeneration  is  believed  to  have  its  planes  of 
growth  either  in  the  plane  of  the  composition  face  of  the  albite 
twin  00  P  do  or  in  the  plane  parallel  to  the  composition  face  of  the 
pericline  twins,  the  rhombic  section.  But  in  whatever  planes 
the  growths  may  have  their  longer  axes  developed,  it  is  believed 
the  new  species  of  feldspar  approximate  as  near  as  possible  the 
crystallographic  symmetry  of  the  parent  crystal  from  which  they 
are  derived,  and  that  the  regeneration  of  the  plagioclase  into  mi- 
croperthite, perihitization^  is  very  similar  to  processes  of  para- 
morphism  and  not  unlike  the  process  of  schillerization  as  de- 
scribed by  Judd.^ 

1 Q.  J.  G.  S.,  Vol.  41, 1885,  pp.  374-389. 
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PLATE  VL 

Figure  1.  Specimen  of  the  metarhyolite  from  the  layers  or 
beds  of  spheroids.     Two-thirds  natural  size. 

The  weathering  of  the  rock  along  the  spheroidal  partings  pro- 
duces an  appearance,  as  seen  in  cross  section,  of  a  ring  or  chain- 
like structure  on  the  somewhat  weathered  surfaces  of  the  rock. 
As  the  rock  becomes  much  weathered  the  spheroids  stand  out  as 
nodules,  having  much  the  appearance  of  weathered  spherulites, 
but  differ  from  the  latter  in  possessing  no  radial  structure. 

Figure  2.  Metarhyolite.  Microsection  3845.  Ordinary 
light,  X  50. 

The  figure  shows  phenocrysts  in  a  fine  groundmass.  In  the 
center  of  the  figure  is  an  example  of  perlitic  parting.  The 
groundmass  has  recrystallized  along  the  parting,  producing  a 
zone  of  parallel  fibers  of  feldspar  extending  normal  to  the  part- 
ing. Attention  is  called  to  the  similarity  of  this  perlite  to  the 
spheroids  shown  in  PI.  VI.,  fig.  1.  In  the  groundmass  are  nu- 
merous patches  and  curved  strips  of  fibrous  growths  of  feldspar. 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


WISCONSIN  OEOL.  AND  NAT.  HIST.  SURVEY. 


BULLETIN  NO.  III..  PL.  Vil. 


Digitized  by  LjOOQIC 


PLATE  Vn. 

Figure  1.  Metarhyolite.  Microsection  3846.  Polarized 
light,  X  40. 

In  the  center  of  the  field  is  shown  a  typical  microperthite  crys- 
tal cnt  nearly  parallel  to  oo  P  db  and  showing  basal  cleavage. 
The  light  part  is  albite  with  an  extinction  angle  of  19^;  the  dark 
part  is  oligoclase-andesine,  AbsAn^,  with  an  extinction  angle  of 
8^  to  6®.  The  microperthite  in  this  case  is  a  product  of  regene- 
ration. The  new  growths  are  developed  with  an  orientation  ap- 
proximately coincident  with  the  ori^nal  plagioclase,  and  the  new 
growths  tend  to  possess  definite  crystal  forms. 

Figure  2.  Rhyolite-gneiss.  Microsection  3816.  Ordinary 
light,  X  30. 

The  figure  shows  a  good-sized  phenocryst  of  feldspar,  around 
which  the  small  dark  crystals  of  amphibole  bend  in  curving  lines. 
Farther  away  from  the  phenocryst  the  amphiboles  lie  in  nearly 
straight  lines.  Tail-like  appendages  extend  from  the  comers  of 
the  phenocryst  parallel  with  the  lines  of  amphibole  crystals. 
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PLATE  VIIL 

Figure  1.  Metarhyolita  Microeection  3845a.  Ordinary 
light,  X  60. 

The  figure  shows  a  feldspar  phenocryst  made  up  of  an  inner 
core  of  original  plagioclase  surrounded  by  a  thick  margin  of  aeo- 
ondary  microperthite.  The  inner  core  of  twinned  plagioclaae 
contains  fractures  which  do  not  penetrate  the  rim.  These  frac- 
tures, and  the  plagioclase  as  a  whole  contain  numerous  decompo- 
sition products.  The  microperthite  of  the  margin  contains  no 
fracturesj  and  is  free  from  alteration  products.  The  sharp 
boundary  between  the  original  core  of  plagioclase  and  secondary 
rim  of  microperthite  is  to  be  noted.  The  perthitic  growths  of 
the  enlargement  have  their  longer  axes  parallel  to  the  c  axis  of 
the  core.  In  the  lower  left  hand  comer  of  the  plagioclase  cor© 
is  a  small  patch  of  microperthite  lying  between  the  lower  frac- 
ture and  the  lower  end  of  the  core,  which  is  due  to  the  r^enera- 
tion  of  the  plagioclase. 

Figure  2.  Metarhyolite.  Microsection  3845a.  Ordinary 
light,  x  60. 

The  feldspar  phenocryst  is  made  up  of  a  core  of  plagioclase 
with  secondary  enlargement  of  microperthite,  the  boundary  be- 
tween the  core  and  rim  being  very  clear.  The  core  contains 
fractures  which  do  not  penetrate  the  rim,  and  these  fractures  and 
the  core  as  a  whole  contain  much  sericite,  biotite,  iron  oxide  and 
other  decomposition  products.  The  microperthite  contains  no 
fractures,  and  is  almost  free  from  decomposition  products.  In 
the  right  side  of  the  rim  is  a  black  crystal  of  iron  pyrite,  around 
which  the  microperthite  has  not  wholly  succeeded  in  growing. 
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PLATE  IX. 

Figure  1.  Rhjolite-gneias.  Microsoction,  3817.  Polarized 
light,  X  20. 

The  figure  shows  two  crystals,  the  one  above  having  been 
pressed  down  upon  the  one  below  and  broken  it  apart.  The  up- 
per ciystal  is  fractured  and  granulated  near  the  middle  part,  and 
it  shows  the  fine  cross-twinning  of  typical  microcline.  It  con- 
tains streaks  and  irregular  areas  in  which  the  cross  twinning  is 
not  developed.  The  lower  crystal  has  been  pressed  apart  and 
the  intervening  space  is  filled  with  quartz,  feldspar,  and  blue  am- 
phibole.  Tail-like  appendages  project  from  the  upper  comers 
of  the  upper  crystal  in  a  direction  parallel  to  the  longer  axis  of 
the  lower  crystal,  which  is  the  plane  of  cleavage. 

Figure  2.  Rhyolite-gneiss.  Microsection,  3816.  Polarized 
light,  X  35. 

Phenocryst  of  feldspar  showing  fractures  and  strain  shadows. 

Figure  3.  Rhyolite-gneiss.  Microsection,  3809.  Polarized 
light,  X  20. 

The  figure  shows  a  part  of  a  mashed  and  granulated  feldspar 
crystal.  The  space  in  the  center  of  the  figure  between  the  ends 
of  the  phenocryst  is  made  up  of  the  broken  parts  of  the  pheno- 
cryst and  secondary  quartz  and  feldspar. 

Figure  4.  Rhyolite-gneiss.  Microsection,  8829.  Polar- 
ized light,  X  16. 

Part  of  a  phenocryst  of  feldspar  showing  process  of  lengthen- 
ing by  fracturing,  granulation  and  recrystallization. 
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PLATE  X. 

figure  1.  Granite.  Microsection,  4385.  Polarized  light, 
x40. 

The  alteration  of  plagioclase  to  soda-microcline  is  here  very 
dearly  shown.  As  indicated  by  the  irregular  boundary  between 
the  two  parts  the  microcline  has  the  appearance  of  having  eaten 
its  way  into  the  plagioclase.  This  molecular  change  is  brought 
about  by  pressure,  and  one  set  of  the  new  and  finer  twinning 
lamellae  coincides  with  the  earlier  twins. 

Figure  2.  Granite.  Microsection,  4393.  Polarized  light, 
x60. 

Almost  the  whole  of  the  figure  is  taken  up  by  lyhat  was  once 
a  single  plagioclase  crystal.  In  the  lower  left  hand  comer  of  the 
figure  granophyric  structure  has  been  produced  by  the  fracturing 
of  the  plagioclase  and  the  formation  of  canals  of  quartz.  The 
microcline  clearly  grades  into  the  clouded  plagioclase.  Traces 
of  the  twinning  lamellsB  still  remain  in  the  plagioclase,  and  one 
set  of  the  twinning  lamellae  of  the  secondary  soda-microcline  co- 
incides with  the  earlier  twinning  plane. 
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